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REMARKS 

Claims 30, 31 , 32, 44, 45, and 46 have been cancelled. Claims 1-29, 33- 
43 r and 47-53 are now pending in the application. Claims 1, 3, 4, 6, 8, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 27, 33, 34, 35, 36, 37, 40, 41, 42, 
43 p 47 t 48, and 49 have been amended. New claims 50, 51, 52, and 53 have 
been added. No new matter has been added by amendment. Reexamination 
and reconsideration of the claims as amended are respectfully requested. 

Claim Objections 

1. The Examiner objects to claims 8 and 27 for being in improper form 
because a multiple dependent claim should refer to other claim in the alternative 
only. Claims 8 and 27 have been amended and are now in proper form. 

Claim Rejections - 35 USC § 112, second paragraph 

2. The Examiner rejects claims 1-49 under 35 U.S.C. 112 second paragraph, 
as being indefinite for falling to particularly point out and distinctly claim the 
subject matter which applicant regards as the invention. 

The Examiner rejects claims 1. 6, 12, 14, 21, 25, 31, 33, 37, 40-42, and 
44-46 and the claims that are dependent thereon as indefinite due to the 
recitation of TH7JB The Examiner states that, "Amending claims 1 , 6, 21 , 25, 
37, and 40 to recite the ATCC deposit number in which seed of corn inbred line 
PH7JB has been deposited would overcome the rejection." Claims 1, 6, 21 , 25, 
37, and 40 have been so amended and the ATCC deposit receipt is attached to 
this response. 

The Examiner rejects claims 3 and 22 for the recitation of therein the 
plant is male sterile". The Applicants traverse the rejection but have amended 
the claims for clarification purposes and to expedite prosecution. Claim 3 has 
been amended by replacing "male sterile" with -detasseled- as suggested by 
the Examiner. The Examiner suggests that a new claim be directed towards a 
method of producing a male sterile maize plant comprising transforming the 
maize plant of claim 2 with a nucleic acid that confers male sterility, and another 
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claim directed toward the male-sterile plant produced by the method of 
transforming. Claim 22 has been amended and now reads, "The maize plant of 
claim 2, wh rein genes controlling mal sterility have been transferred into said 
maize plant through crossing, wherein PH7JB is a recurrent parent, and wherein 
said plant has essentially the same morphology and physiology of inbred maize 
line PH7JB other than the trait of male sterility." Starting on page 1, line 35 and 
going through line 14 of page 3 of the specification it states that various genes, 
nuclear and cytoplasmic, have been used to control sterility in maize plants. In 
the specification on page 4, lines 7-13, it states, "Backcrossing can be used to 
transfer a specific desirable trait from one inbred or source to an inbred that 
lacks that trait This can be accomplished, for example, by first crossing a 
superior inbred (recurrent parent) to a donor inbred (non-recurrent parent), that 
carries the appropriate gene(s) for the trait in question. The progeny of this 
cross is then mated back to the superior recurrent parent followed by selection in 
the resultant progeny for the desired trait to be transferred from the non- 
recurrent parent." The technique of backcrossing male sterility genes into an 
inbred maize plant is well known and well understood to one of ordinary skill in 
the art. The technique has been successively used since the 1950's (see pages 
585-586 of Wych, 1988 Included in the Information Disclosure Statement). The 
amendments contain no new matter. The Applicants request reexamination and 

reconside ration of the claims as amended. 

The Examiner rejects claims 5 and 24 because there is no antecedent 
basis for "protoplasts". The Applicants have amended claims 4 and 23. The 
claims now read, "A tissue culture of regenerate cells or protoplasts from the 
plant of daim 2 {21}." Thus the term "protoplasts" in claims 5 and 24 which 
depend from claims 4 and 23 respectively, has proper antecedent basis. The 
amendments place the claims in condition for allowance. 

The Examiner rejects claims 14, 33, 41 f 45, and 46 because they contain 
terms such as "high," and "above average" which "do not reasonably apprise one 
of the scope of the invention." Claims 45 and 46 have been cancelled. Claims 
33 and 41 have been amended and no longer include such terms or traits. 
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Claim 14 has been amended and no longer includes such terms as "high" and 
"above average". Claim 14 now reads, "A maize plant, or parts thereof, wherein 
at least one ancestor of said maize plant is the maize plant of claim 2, said 
maize plant expressing a combination of at least two PH7JB traits which are not 
significantly different from PH7JB traits when determined at a 5% significance 
level and when grown in the same environmental conditions, said PH7JB traits 
selected from the group consisting of: a relative maturity of 99 based on the 
Comparative Relative Maturity Rating System for harvest moisture of grain, grain 
yield, cold test results, and resistance to Northern Leaf Blight. " Applicants point 
out that claim 14 has been amended to clearly define the traits of PH7JB that 
could be found in a maize plant produced from PH7JB. Applicants have 
amended the claim using the term "not significantly different from PH7JB traits 
when determined at a 5% significance level..." as a definitive term. In the 
specification pages 38-54, the tables show mean trait values. The standards 
against which the listed traits should be compared are the mean values for those 
traits exhibited by PH7JB or a maize plant produced from PH7JB in a side-by- 
side comparison or under other similar environmental conditions. For example, 
on page 36 lines 17-19 of the specification it discusses that inbred PH7JB 
produces significantly higher grain yield than inbred PHP02 when both inbreds 
are crossed to the same tester lines. Applicants also point out that one of 
ordinar y skill in the art of plant breeding would know how to evaluate the traits of 
two inbred maize lines to determine if they are not significantly different to a 5% 
significance level in the expression of a given trait. On pages 275-276 in 
Principles of Cultivar Development (1987) Fehr writes Two or more independent 
comparisons of lines in a test provide a means of estimating whether variation in 
performance among lines is due to differences in genetic potential or to 
environmental variation." A copy of Fehr, pages 261-286, is attached to this 
Amendment and Request for Reconsideration as Appendix A . As was done by 
the Applicants in the specification, mean trait values would be used to determine 
whether the trait differences are significant. Further, the claim, as amended, 
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requires that the traits be measured on plants grown in the same environmental 
conditions. 

The Examiner rejects claims 16 and 35 because of improper antecedent 
basis and has suggested that the recitation H com plant breeding program" be 
replaced with -method-. Claims have been amended as suggested by the 
Examiner thus placing them in condition for allowance. 

The Examiner has rejected claims 19, 20, 48 and 49 for improper 
antecedent basis. Claims 19, 20, 48 and 49 have been amended and are now in 
proper form for allowance. 

The Examiner rejects claim 40 because of the recitation of the word 
"comprising". The Examiner states that the claim is indefinite because it "does 
not clearly indicated how many crosses are to be performed by the method." 
Claim 40 has been amended to specify the first generation (F1) plant. 
Dependent claim 41 has also been amended to reflect the change in claim 40. 

Claim Rejections - 35 USC §112, first paragraph 

3, The Examiner rejects claims 9-20, 28-39, 41-49 are rejected under 35 
U.S.C, 112, first paragraph, as containing subject matter which was not 
described In the specification in such a way as to reasonably convey to one 
skilled in the art that the inventors, at the time the application was filed, had 
possession of the claimed invention. Applicants traverse the rejection. 

The Examiner rejects claims 9, 10, 28, and 29 that are directed to F1 
hybrids produced with PH7JB as a parent. Applicants note that a claim to the F1 
hybrid made with a deposited Inbred was expressly acknowledged without 
reservation by the United States Supreme Court In J.EM Ag. Supply, Inc. v. 
Pioneer HhBred Int'l, Inc.. 60 USPQ 2d 1865,1873 (S.Ct. 2001), when the 
Supreme Court wrote, "...a utility patent on an inbred plant line protects the line 
as well as all hybrids produced by crossing that inbred with another plant line/' 

Furthermore, one of ordinary skill in the art would know if they were using 
or one could easily identify if they were using PH7JB, All F1 plants would have 
essentially the same genetic markers as the deposited PH7JB. It is well known 
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to anyone skilled in the art that a hybrid has a genome with one set of the alleles 
from each inbred. Therefore the g netic profile exhibited in the deposit would be 
exhibited in the hybrid. As stated in the specification on page 16, lines 8-23, 
there are many laboratory-based techniques available for the analysis 
comparison and characterization of plant genotype such as Restriction Length 
Polymorphisms (RFLPs) and Simple Sequence Repeats (SSRs), Such 
techniques have been known for some time and may be used to identify whether 
or not PH7JB was used to develop a hybrid. Applicants also submit to the 
Examiner the journal article by Berry et aL (2002). This article discusses the 
probability of identifying the parents of the hybrid by SSR data when neither 
parent is known. A copy of article by Berry et al. is attached to this Amendment 
and Request for Reconsideration as Appendix B T The results of the experiment 
showed that using 100 SSR loci markers resulted in correct parental ranking of 
inbreds for 53 out of 54 hybrids. Applicants also point out that any breeder of 
ordinary skill in the art will know the identity of both parents used to produce a 
hybrid. 

The Examiner broadly rejects product claims encompassing any 
modification of PH7JB, no matter how minor the modification or routine the 
modification is for a breeder of ordinary skill in the art to make. 

As noted in the specification the development of an inbred tine is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 
lines are created and screened in order to develop any maize inbred line for 
which Applicants file a patent application. Once developed, the inbred line is 
useful for two purposes: (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new inbreds that retain its desired 
characteristics. A breeder desiring to make a line with similar traits to PH7JB 
would be greatly advantaged by being able to use PH7JB as starting material. 
This is because the linked genes arranged through Applicants' breeding efforts, 
and fixed in PH7JB, can be maintained in the progeny of PH7JB by a breeder of 
ordinary skill in the art. For example, if a breeder of ordinary skill In the art 
desired an early maturity version of PH7JB, the breeder could cross PH7JB to an 
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earlier maturing van ty, select for progeny with at least two desired PH7JB traits 
that also express early maturity, and continue selecting for the traits of PH7JB 
combined with early maturity. Optionally, the breeder could backcross to PH7JB 
to obtain further genetic contribution from PH7JB. The end result is the 
development of an inbred line with substantially all of the benefit of Applicants' 
work but with only a fraction of the effort. 

Specifically, in rejecting the claims for lack of written description, the 
Examiner states, "the specification also does not describe the plants produced 
by the com breeding programs, transgenic PH7JB plants, PH7JB plants 
comprising single gene conversion(s), or by crosses wherein at least one 
ancestor is the corn variety PH7JB, other than PH7JB/PH54M. The 
morphological and physiological traits of the com plants that are crossed with 
PH7JB, and with progeny of that cross, are unknown, and the description of 
progeny and descendents of corn plant PH7JB are unknown. The description of 
PH7JB is not indicative of the description of plants and seed produced by the 
breeding programs and crosses, or any of its descendents. The claimed 
invention also encompasses plants that express at least two of the 'PH7JB traits' 
listed in claims 14, 33, 41, 45, and 46. However, to say that a plant expresses 
two traits of another plant is not sufficient information to describe that plant, as 
numerous com plants express at least two of the same traits as those expressed 
by PH7JB. Two plant traits do not provide any description of the other traits of 
the plant, It is possible that the claimed plants inherited the genes governing 
those traits from an ancestor other than plant PH7JB. For, example, Piper (U.S. 
Patent No. 6,188,001) describes a corn plant, designated 'PH1 W0/ which has at 
least two traits in oommon with PH7JB, high yields, above average cold test 
results and adapted to the Northcentral region of the United States, for example 
(col. 10, lines 50-62). The instantly claimed corn plants could have PH1W0 as 
an ancestor, as well as PH7JB, in which case the dry down and flowering traits, 
for example, could have been inherited from PH1W0. The claims also 
encompass plants that do not have to express any of the traits that are 
expressed by PH7JB," 
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Applicants not that Examiner's comments represent a change of patent 
office policy. In numerous previous cases involving the protection of germplasm 
and progeny claims, including cases allowed after the recently adopted written 
description guidelines, the listing of traits was previously required by the patent 
office as a way to meet the written description requirement with respect to 
progeny. One reason for using traits as a means of description is because it 
was, and still is, technologically impossible to sequence the entire genome of a 
specific variety. 

If it was possible to sequence the genome of a variety, PH7JB could be 
described and compared to the prior art to identify its unique genetic sequences 
and sequence combinations, and presumably, claims to progeny retaining those 
unique genetic aspects would be allowed by the patent office. This would be 
analagous to the way claims are examined for individual short genetic 
sequences and claims allowed for any plant comprising a specific transgene. 
Appllcants assert that the fact that technological tools do not exist to fully 
describe the unique characteristics of the full genome of PH7JB does not make 
the progeny lines derived therefrom any less entitled to adequate patent 
protection. It is the purpose of the patent law to protect new and useful 
processes, compositions of matter and improvements thereof, 35USC 101 . 

This situation is somewhat analagous to Ex Parte Tanksley, 37 USPQ2d. 
1382. In that case the Examiner desired that Tanksley claim according to 
sequence data to "better characterize the cDNA clones" and "facilitate a 
complete search of the prior art* and issued a 112 first paragraph written 
description rejection. The Board held that "the section 112 rejection amounts to 
a requirement... that the appellants amend their claims in a specified 
manner... We find no language in the statute or case law which would support 
that requirement." The Board, in treating the section 112 first paragraph 
rejection as a 112 second paragraph rejection, held that "In our judgement, a 
patent applicant is entitled to a reasonable degree of latitude in complying with 
the second paragraph of 35 U.S.C. 112 and the examiner may not dictate the 
literal terms of the claims for the stated purpose of facilitating a search of the 
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prior art. Stated another way, a pat nt applicant must comply with 35 U.S.C. 
112, second paragraph, but just how the applicant does so, within reason, is 
within applicant's discretion." Id. at 1386. 

Applicants have amended claims 17, 33 and 36 to limit the progeny 
covered to those within a pedigree distance of two crosses away from PH7JB. 
Claim 41 is limited to one cross away from PH7JB by virtue of dependency. 
Within the plant breeding arts breeders use pedigree as a means to characterize 
lines in reference to their progenitors. To those of ordinary skill in the art, this 
indicates that a line fewer crosses away from a starting line will be, as a whole, 
more highly related to the starting line. Thus, the work of the original breeder in 
developing the starting line will be retained in the closely related progeny. More 
specifically, traits and linkage groups present in PH7JB will be retained in 
progeny that are within 2 outcrosses from PH7JB. Applicants submit that 
characterization of the progeny of PH7JB by virtue of their filial relationship is 
clearly within reason. Not only are filial descriptions used by breeders to 
evaluate materials for use in their breeding programs, but it is standard practice 
within the plant breeding Industry for licensor's of inbred maize lines to retain a 
royalty from lines developed through the use of their inbreds. Those royalties 
are, in almost all cases, based on the filial relationship between the licensed 
inbred used in breeding and the progeny line commercialized. This provides 
evidence that those of ordinary skill in the art of plant breeding describe progeny 
in terms of pedigree. 

Applicants also note that the mere fact that the progeny have not been 
created does not prevent them from being patented. As stated in MPEP 2163 
(3) (a), "An invention may be complete and ready for patenting before it has 
actually been reduced to practice." As stated in the written description guidelines 
"an applicant shows possession of the claimed invention by describing the 
claimed invention with all its limitations using such descriptive means as words, 
structures, figures, diagrams, and formulas that fully set forth the claimed 
invention. Possession may be shown in a variety of ways, Including... by 
describing distinguishing Identifying characteristics sufficient to show that the 
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applicant was in possession of the claim d invention." 1255 Official Gazette 140 
(Feb. 5, 2002). Pedigree, which is a formula used by plant breeders, is a 
distinguishing identifying characteristic in compliance with the written description 
guidelines. Further, the Examiner must evaluate written description by the 
claimed invention with all of its limitations, Including the limitation of being 
derived from PH7JB. 

PH7JB-derived progeny are described by the fact that PH7JB is utilized in 
a breeding program to make the PH7JB-derived progeny, PH7JB gives genetic 
contribution to the PH7JB-derived progeny, and the genetics of PH7JB are 
described by ATCC deposit of PH7JB seed. By limiting the progeny to 2 or less 
crosses away from PH7JB t the Examiner's concern that the progeny may be only 
distantly related to PH7JB is addressed. In Enzo vs. Gen-Probe, U.S. State 
Court of Appeals for the Federal Circuit, 63 USPQ 2d 1609, the court reversed 
its prior decision regarding the insufficiency of the deposited genetic probes to 
meet the written description requirement. In so holding, the court stated, * As the 
deposited sequences are about 850, 8500, and 1300 nucleotides long, there 
are at least hundreds of subsequences of the deposited sequences, an unknown 
number of which might also meet the claimed hybridization ratio. Moreover, 
Enzo's expert, Dr. Wetmur, stated that 'astronomical' numbers of mutated 
variations of the deposited sequence also fall within the scope of those claims, 
a nd that such broad claim scope is necessary to adequately protect Enzo's 
invention from copyists who could otherwise make minor change to the 
sequence and thereby avoid infringement while still exploiting the benefits of 
Enzo's invention. The defendants assert that such breadth is fatal to the 
adequacy of the written description. On the other hand, because the deposited 
sequences are described by virtue of a reference to their having been deposited, 
It may well be that various subsequences, mutations, and mixtures of those 
sequences are also described to one of skill in the art. We regard that question 
as an issue of fact.,.." 

The issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. One of ordinary skill in the art 
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would know if PH7JB were utilized in a breeding program by looking at the 
breeding records and therefore would know if a progeny were derived from 
PH7JB. PH7JB is a unique inbred, as evidenced by th morphological and 
physiological traits given in Table 1, pages 18-20, of the application. Routinely 
used molecular techniques, discussed on page 16, lines 8-23 of the application, 
can be used to verify whether PH7JB is within the pedigree of a line. 

Applicants would also like to emphasize that PH7JB cannot be derived 
through any other means then through PH7JB seed and plant, nor can the 
influence of PH7JB on the progeny be removed from a line within 2 outcrosses 
of PH7JB. This fact also highlights the different perspective between the 
Examiner and the Applicants regarding the scope of the claims. The Examiner 
believes the claims to progeny to be of great breadth. However, to view these 
claims as being of great breadth merely because a large number of plants could 
theoretically fall within its scope ignores an essential limitation of the claim; that 
only a plant developed through the use of PH7JB is within the scope of the 
claim. Such a plant could not be independently derived without the use of 
PH7JB, so the claim would not in any way restrict the work of a breeder that did 
not in fact use PH7JB. A breeder infringing such a claim must have made a 
conscious choice to use PH7JB in order to obtain some or all of PH7JB , s desired 
characteristics. Compliance with the written description requirement is 
essentially a fact based inquiry that will "necessarily vary depending on the 
nature of the invention claimed." Vas-Cath v. Mahurkar, 935 F. 2d 1555 (citing In 
re DiLeone, 436 F2d. 1404, 1405). Thus, the compliance with the written 
description requirement must be judged In view of this limited scope of the 
progeny claims. As amended, the claims are drawn to only a limited scope of 
progeny, progeny which but for Applicants 1 creation of PH7JB could never have 
existed. This is in harmony with the statement in section 2163 of the MPEP that 
'the written description requirement promotes the progress of the useful arts by 
ensuring inventions are adequately described in the specification in exchange for 
the right to exclude." That quid pro quo of patent law has been met by the 
Applicants in the present case, and to use written description to deny adequate 
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patent protection would be contrary to the stated purpose of the written 
d scription requirement 

The Examiner goes on to reject claims to PH7JB plants further containing 
transgenes and single gene conversions under 35 U.S.C.112, first paragraph. 
Applicants note that examples of traits and single gene conversions are given in 
the specification page 22, lines 33 through 35 line 2, Even if more than one trait 
is affected by the transgene, the genetics of PH7JB will be only minimally 
affected. The Examiner must consider all limitations of the claimed invention. 
While the Examiner is focusing on traits, the Applicants point out that they are 
not claiming so broadly as to claim any maize plant, regardless of source, 
comprising those traits. Applicants are claiming PH7JB, or a limited set of plants 
derived therefrom, that retain significant features of PH7JB. Applicants have 
made an enabling deposit of PH7JB with the ATCC, and Applicants are seeking 
a fair scope of protection as the quid pro quo for the teaching in the specification 
and the deposit of the material. The insertion of one or a few genes into a 
genome that is estimated to have over 50,000 to 80,000 genes (Xiaowu, Gai et 
al„ Nucleic Acids Research, 2000 t Vol. 28, No. 1, 94-96) is a minor change to 
PH7JB and will not prevent one of skill in the art from identifying the plant as 
PH7JB. In addition, to expedite prosecution, Applicants have amended claim 1 1 . 
Claim 1 1 now reads, The maize plant, or parts thereof, of claim 2, wherein the 
pl ant or parts thereof have been transformed so that its genetic material contains 
one or more transgenes that confer a qualitative trait" Qualitative traits, as 
described in an introductory plant breeding book, are traits that "have 
phenotypes that can be divided into discrete classes. ..They are controlled by 
one or a few major genes whose expression is not influenced markedly by the 
environment" (Fehr, W. f Principles of Culttvar Development . voU, 1S87, page 
26). Claim 30 has been cancelled. The Examiner has suggested that claims 1 1 
and 30 be amended to list the types of transgenes contemplated in the 
specification, for example disease or pest resistance genes, provided the prior 
art teaches those isolated genes. The Applicants believe that an amendment as 
suggested by the Examiner is limiting the scope to which the Applicants are 
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entitled. Examples of specific transgenes are given in the specification and one 
of ordinary skill in the art would be able to determine additional transgenes that 
may be used. The Examiner states that, 'Transgen s may also be of any gene, 
including those that effect more than one trait. For example, a transgene that is 
a transcription factor can effect more than just one gene, and multiple traits. 
Such plants would express different morphological and physiological traits from 
PH7JB, which are not described." Applicants point out that the molecular profile 
of such a plant would be substantially unchanged and therefore one would be 
able to identify such a plant. Applicants have amended claim in order to 
expedite allowance. 

The Examiner rejects claims 12, 13, 31, and 32. Claims 12 and 31 are 
drawn to the method of crossing a PH7JB plant containing a transgene with 
another plant Claims 13 and 32 are to the plant made from the method. Claims 
31 and 32 have been cancelled. Claims 12 and 13 have been amended for 
clarification purposes. Applicants point out that the methods are fully described. 
Furthermore, one of ordinary skill in the art would know ff they were using or one 
could easily identify if they were using PH7JB or PH7JB further containing a 
transgene to develop a hybrid. All F1 plants would comprise essentially the 
same genetic markers as the deposited PH7JB. It is well known to anyone 
skilled in the art that a hybrid has a genome with one set of the alleles from each 
inbred. Therefore the genetic profile exhib ited In the deposit would be exhibited 
in the hybrid. The plant of claim 13 would have the genetic profile of PH7JB 
except at the site of integration of the transgene. The change of one to a few 
genes out of an estimated 50,000 to 80,000 genes is a minor change and will not 
prevent one of ordinary skill in the art from identifying the plant as PH7JB. One 
of ordinary skill in the art would also know how to cross PH7JB containing a 
transgene with another plant to produce a hybrid. Thus, the Applicants have 
described the invention with sufficient specificity to enable others to make and 
use the invention. In light of the arguments and amendments, the Applicants 
request that the Examiner withdraw his rejection to claims 12 and 13. 
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The Examiner also rej cts claims 37-39 under 35 USC § 112, first 
paragraph, as containing subject matter which was not described in the 
specification in such a way as to reasonably convey to on skilled in the relevant 
art that the inventor, at the time of the application was filed, had possession of 
the claimed invention. Claims 37-39 are clearly directed to growing out an F(1) 
hybrid in which PH7JB is a parent and searching for PH7JB inbred seed. Due to 
the imperfect process of seed production parent seed can sometimes be 
contained in the hybrid seed bag. The claims merely claim the method of 
searching for inbred PH7JB seed within a bag of hybrid seed. The method is 
also clearly described in the specification on page 5, line 21 through line 7 on 
page 6. The Applicants request that the Examiner withdraw his rejection to 
claims 37-39. 

Lastly, The Examiner has rejected certain method claims under written 
description. Applicants point out that the methods are fully described, as is the 
starting material in the method, PH7JB. One of ordinary skill in the art would 
know how to cross PH7JB to develop an F1 hybrid and also how to self plants 
derived from crosses with PH7JB for the purpose of developing an inbred plant. 
In Ex parte Parks, 30 USPQ 2d 1234 (B.P.A.I. 1994), the Board of Appeals 
stated, "Adequate description under the first paragraph of 35 U.S.C. 112 does 
not require literal support for the claimed invention. Rather, it is sufficient if the 
originally-filed disclosure would have conveyed to one having ordinary skill in the 
art that an appellant had possession of the concept of what is claimed." 
Emphasis added. In J.EM Ag. Supply, the Supreme Court also acknowledged 
the value of a newly developed line in further breeding, when it stated that, "...a 
breeder can use a plant that is protected by PVP certificate to 'develop 1 a new 
inbred line while he cannot use a plant patented under §101 for such a purpose.** 
Id. at 1873. In light of the amendments to the claims and the foregoing 
arguments the Applicants request reconsideration of the rejection under the first 
paragraph of 35 U.S.C. 112. 
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4. The Examiner rejects claims 18-20 and 47-49 under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described in the 
specification in such a way as to enable one skilled in the art to which it pertains, 
or with which it is most nearly connected, to make and/or use the invention. 
Applicants traverse the rejection. 

The Examiner rejects claims 18-20 and 47-49 that are directed to PH7JB 
inbred maize plant further comprising one or more single gene conversions. 
Claims 18 and 47 are directed to PH7JB that contains a gene that has been 
transferred to PH7JB through traditional breeding methods. The claims have 
been amended to expedite prosecution. Claim 18 now reads, 'The maize plant, 
or parts thereof, of claim 2, further comprising one or more genes that confer a 
qualitative trait and have been transferred into said maize plant through breeding 
methods that utilize PH7JB as a recurrent parent." Claim 47 now reads, The 
maize plant, or parts thereof, of claim 2 f further comprising one or more genes 
that have been transferred into said maize plant by utilizing PH7JB as a 
recurrent parent and wherein the maize plant, or parts thereof, are essentially 
unchanged from inbred maize line PH7JB." Once again the Applicants would 
like to point out that one of ordinary skill in the art would be able to detect a 
PH7JB maize plant that contains genes that have been inserted through 
crossing. The genetics would be substantially the same as PH7JB as would the 
morphological and physiolo gical traits of PH7JB. The specification states, "A 
further embodiment of the invention is a single gene conversion or introgression 
of the maize plant disclosed herein in which the gene or genes of Interest 
(encoding the desired trait) are introduced through traditional (non- 
transformation) breeding techniques, such as backcrossing (Hallauer et al, 
1988)." 

The Examiner has cited articles and states that they teach that it is 
unpredictable whether the gene or genes responsible for conferring a phenotype 
in one plant genotypic background may be introgressed into the genetic 
background of a different plant, to confer a desired phenotype in said d'rfferent 
plant." The Examiner states that, "Hunsperger et al. teach that the introgession 
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of a gene in one genetic background on any plant of the same species, as 
performed by sexual hybridization, ts unpredictable in producing a slngl gene 
conv rsion plant with a d sired trait (column 3, lines 26-46). " This is not what is 
taught by Hunsperger et al. Hunsperger et al. teaches that a gene that results in 
dwarfism of a petunia plant can be incorporated into other genetic backgrounds 
of the petunia species (See column 2, line 67 to column 3, lines 1-4). 
Hunsperger et al. merely discusses the level of the expression of that gene 
differed in petunia plants of different genetic backgrounds. Hunsperger et al. 
succeeded in incorporating the gene into petunia plants of different genetic 
backgrounds. Therefore Hunsperger et al. demonstrate that one of ordinary skill 
in the art can use traditional breeding methods to obtain maize plants containing 
genes that confer a qualitative trait. The specification provides ample disclosure 
of starting materials such as maize inbred PH7JB, a discussion of traditional 
breeding methods that may be used, and examples of transgenes and naturally 
occurring genes. Please note in Hallauer et al. (1988) on page 472, submitted in 
the information disclosure statement, it states that, "For single gene traits that 
are relatively easy to classify, the backcross method is effective and relatively 
easy to manage," 

The Examiner goes on to state that, "Kraft et al. teach that linkage 
disequilibrium effects and linkage drag prevent the making of plants comprising a 
single gene conversion, and that such effects are unpredictably genotypic 
"specific and loci-dependent in nature (page 323, column 1, lines 7^T5T"~ 
Applicants disagree that the article states such points. Applicants assume that 
the Examiner is trying to point out that one gene cannot be introduced into a 
plant using traditional breeding techniques such as backcrossing without also 
introducing closely linked genes into the plant. It fs well understood in the 
relevant art that DNA surrounding the gene of the desired trait is introduced into 
the plant when traditional breeding techniques are utilized to insert a gene into a 
plant of interest. It is also understood in the art that introducing a gene into a 
plant variety such as PH7JB is an insubstantial change to the variety. The World 
Seed Organization, on it's web site, writes, "The concept of an essentially 
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derived variety was introduced into the 1991 Act of the UPOV Convention in 
order to avoid plagiarism through mutation, multiple back-crossing and to fill the 
gap between Plant Breeder's Rights and patents." As determined by the UPOV 
Convention, essentially derived varieties may be obtained for example by the 
selection of a natural or induced mutant, or of a somaclonal variant, the selection 
of a variant individual from plants of the initial variety, backcrossina . or 
transformation by genetic engineering. The commercialization of an essentially 
derived variety needs the authorization of the owner on the rights vested in the 
initial variety." International Convention for the Protection of New Varieties of 
Plants, as amended on March 19, 1991, Chapter V, Article 14, Section 5(c), 
(emphasis added). A copy of the relevant portion of the UPOV Convention and 
the World Seed Organization web site is attached as Appendix C . 

An example of how one of ordinary skill in the art can transfer a gene 
conferring a qualitative trait into a variety through backcrossing is demonstrated 
by the fact that the commercial market now distributes a multitude of products 
produced in this manner. Such conversion lines are easily developed without 
undue experimentation. Poehlman et al. (1995) on page 334, submitted in the 
information disclosure statement, states that, "A backcross-derived Inbred line 
fits into the same hybrid combination as the recurrent parent inbred line and 
contributes the effect of the additional gene added through the backcross/ 

The Examiner goes on to state that, "E shed et al. teach that in plants, 

epistatic genetic interactions from the various genetic components comprising 
contributions from different genomes may effect quantitative traits in genetically 
complex and less than additive fashion (page 1815, column 1, line 1 to page 
1816, column 1, line 1), Applicants would like to first point out on page 1816, 
column 1, lines 1-5 of the Eshed et al. article it states, "Recent studies that 
detected epistasis of selected QTL In Drosophila (Long et al. 1995), soybean 
(Lark et al.1995) and maize (Doebley et al.1995; Cockerham and Zeng 1996) did 
not show a less-than-additive trend/ Emphasis added. Applicants also add that 
transferring a qualitative trait does not require undue experimentation. Please 
note Hallauer et al. (1988) on page 472, submitted in the information disclosure 
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statement, which states, Tor single gene traits that are relatively easy to classify, 
the backcross method is effective and relatively easy to manage/' As stated 
previously claims 18 and 47 have been amended to expedite prosecution. In 
claim 18, the genes transferred into PH7JB are now limited to qualitative traits. 
Claim 47 is now limited to plants that are essentially unchanged from PH7JB. 
Given the arguments and the amendments the Applicants request reexamination 
and reconsideration of the claims. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20 t 000 
lines are created and screened in order to develop any maize inbred line for 
which the Applicants file a patent application. Once developed, the inbred line Is 
useful for two purposes: (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new Inbreds that retain the original 
inbred's desired characteristics. A breeder desiring to make a line with similar 
traits to PH7JB would be greatly advantaged by being able to use PH7JB as 
starting material. This is because the linked genes arranged through Applicants 1 
breeding efforts, and fixed In PH7JB, can be maintained in the progeny of 
PH7JB by a breeder of ordinary skill in the art. For example, if a breeder of 
ordinary skill in the art desired a waxy-kernel com version of PH7JB, the breeder 
could cross PH7JB to a waxy-kemel com variety, select for progeny with the 

desir able traits of PH7JB that also express the wa xy kernel trait, and continue 

selecting for the traits of PH7JB combined with waxy kernels. Optionally, the 
breeder could backcross to PH7JB to obtain further genetic contribution from 
PH7JB. The end result is the development of an inbred line with substantially all 
of the benefit of Applicants' work but with only a fraction of the effort. 

5. The Examiner rejects claims 1-49 under 35 U.S.C. 1 12, first paragraph, as 
containing subject matter which was not described in the specification in such a 
way as to enable one skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and/or use the invention. The Examiner states that 
the seeds must be readily available to the public. The Applicants have deposited 
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the seed of PH7JB with the ATCC and have amended the claims accordingly. A 
receipt of the deposit is attached. The deposit and amendment to the claims 
obviate the rejection. 

In light of the amendments to the claims and the foregoing arguments the 
Applicants request reconsideration of the rejection under the first paragraph of 

35 u.ac. 112. 

Claim Rejections under 35 LLS.C. § 102 and 103 

6. Examiner states that, "Claims 1-49 are rejected under 35 U.S.C. 102(b) as 
anticipated by or In the alternative, under 35 U.S.C. 103(a) as obvious over Piper 
(U,S. Patent No. 6,188,001), " Applicants traverse the rejection. 

The Examiner goes on to state, "Piper teaches seed of an inbred maize 
line designated 'PH1W0', plants produced by growing said seed, and plants and 
plant parts having all the physiological and morphological characteristics of 
PH1W0 (col. 10, lines 50-62; Table 1; claims). It appears that the claimed plants 
and seeds of the instant invention may be the same as PH1W0, given that they 
exhibit the similar traits, high grain yield, above average cold test results, and 
adapted to the Northcentral region of the United States, for example (col. 10, 
lines 50-62). Alternatively, if the claimed plants, plant parts, and seeds of PH7JB 
are not identical to PH1W0, then it appears that PH1W0 only differs from the 
jnstantl y claimed plants, plant parts, and seeds due to minor morphological 
variation, wherein said minor morphological variation would be expected to occur 
in different progeny of the same cultivar, and wherein said minor morphological 
variation would not confer patentable distinction to PH7JB." 

Applicants point out that the designation w PH7JB n of the instantly claimed 
cultivar is not arbitrarily assigned. PH7JB seed has been deposited with the 
ATCC and the specification and the appropriate claims have been amended to 
include the ATCC deposit number Applicants also point out that the differences 
between PH7JB and PH1 W0 are not "minor morphological variations". On page 
17, lines 3-12 of the specification it states that PH7JB is a maize inbred that is 
best suited to be used as a female in hybrid production. In column 10, line 51-62 
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of the Piper patent it states that PH1W0 is a maize inbred that is best suited to 
be used as a male or a female. Other differences are taken from Table 1 of the 
specification, pages 18-20, and Table 1 of the Piper patent, columns 11-16 and 
are listed in the following table. 



PH7JB 


PH1W0 


Anther color is yellow 


Anther color is pink 


Qlume color is purple 


Glume color is light green 


Silk color is pink 


Silk color is red 


2 = Anthracnose Stalk rot resistance score 


T * Anthracnose Stalk rot resistance score 


5 = Fusartum ear and kernel rot score 


8 = Fusarium ear and kernel rot score 


5,827 Kg/ha yield 


5,284 Kg/ha yield 



The examples and the list are not exhaustive but they give ample evidence that 
the inventions are not the same. Nor are they minor variations of each other. 

Applicants have canceled claims 44, 45 and 46. Applicants have amended 
claim 14. Applicants have amended claims 40, 41, 42, and 43. Claim 41 has 
been amended and now reads, "A first generation (F1) PH7JB-progeny maize 
plant, or parts thereof, produced by the method of claim 40/ Claim 41 is now 
one cross away from PH7JB. Claim 41 clearly states that PH7JB must be used 
to obtain a PH7JB-progeny maize plant. Claim 42 has been amended so that it 
does not allow any further crosses away from PH7JB. Thus claim 42 is the 
selfing of the plant derived by the one cross away from PH7JB made in claim 40. 
Claim 43 has been amended for clarification purposes. These PH7JB-progeny 
plants are limited to one cross away from PH7JB and the progeny plants are 
limited by the use of PH7JB in the initial cross. Applicants contend that progeny 
of PH7JB could not the same as PH1W0 or the progeny of PH1W0 because 
PH7JB is not PH1 WO. One would not be able to obtain plants within one cross of 
PH7JB through modification of the maize inbred PH1W0 taught in U.S. Patent 
No. 6,188,001 because PH7JB comprises a unique and nonobvious combination 
of genetics. As evidenced by past arguments and the declaration of Stephen 
Smith submitted as Appendix D . the claimed progeny plants of PH7JB retain 
unique and nonobvious combinations of genetics derived from PH7JB. Thus, 
they deserve to be considered new compositions in their own right. 
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In light of the above, Applicants respectfully requ st that the Examiner 
reconsider and withdraw the rejection to claims 1-49 under 35 U.S.C. 102 (b) 
and 103(a). 

Cancellation of claims 30, 31, 32, 44, 45, and 46; amendment of claims 
1, 3, 4, 6, 8, 11 ( 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 27, 33, 34, 35, 
36, 37, 40, 41, 42, 43, 47, 48, and 49; and addition of claims 50, 51, 52, and 53 
does not in any way change the claim scope which the Applicants believe is 
allowable but is meant to hasten the issuance of the patent. 

CONCLUSION 

Attached hereto is a marked-up version of the changes made to the 
specification and claims by current amendment. The attached page is captioned 
VERSION WITH MARKINGS TO SHOW CHANGES MADE" . 

Applicants submit that in light of the foregoing amendments and the 
remarks, the claims 1-29, 33-43, and 47-53 are in condition for allowance. 
Reconsideration and early notice of allowability Is respectfully requested. If it is 
felt that it would aid in prosecution, the Examiner Is invited to contact the 
undersigned at the number indicated to discuss any outstanding issues. 

Respectfully submitted, 

Ste^en"Calfistern 

Reg. No. 43,525 
Attorney for Applicants 



Steven Callistein 
Pioneer Hi-Bred International 
7100 NW 62 nd Avenue 
P.O. Box 1000 
Johnston, IA 50131-1000 
(5l5)-254-2823 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
In the Specifications 

At page 55, following '' Deposits" , the entire paragraph, lines 2-21, were deleted 
and the clean paragraph as written was inserted. 

In the Claims 

Claims 30, 31 , 32, 44, 45 and 46 were cancelled. 

Claims 1, 3, 4, 6, 8, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 27, 33, 
34, 35, 36, 37, 40, 41 , 42, 43, 47, 48 and 49 were amended as follows. 

1. (Amended) Seed of maize inbred line designated PH7JB, representative 

seed of said line having been deposited under ATCC Accession No.[ ] 

PTA-4531 . 

3. (Amended) The maize plant of claim 2, wherein said plant is [male sterile] 
detasseled . 

4. (Amended) A tissue culture of regenerate cells or protoplasts from the plant 
of claim 2. — 

6. (Amended) A maize plant regenerated from the tissue culture of claim 4, 
capable of expressing all the morphological and physiological characteristics of 
inbred line PH7JB, representative seed of which have been deposited under 
ATCC Accession No. [ ] FTA-4531 . 

8. (Amended) The method of claim 7 wherein [the] inbred maize line PH7JB 
[plant of claim 2] is the female or male parent 
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1 1 . (Amended) The maize plant, or parts thereof, of claim 2, wherein the plant or 
parts thereof have been transformed so that its genetic material contains one or 
more transgenes [operably linked to one or more regulatory lements] that 
confer a qualitative trait . 

12. (Amended) A method for producing a first generation fF1> maize plant [that 
contains in its genetic material one or more transgenes,] comprising crossing the 
maize plant of claim 1 1 with [either] a second plant [of another maize line, or a 
non-transformed maize plant of the line PH7JB, so that the genetic material of 
the progeny that result from the cross contains the transgene(s) operably linked 
to a regulatory element]. 

1 3. (Amended) [Maize plants] The first generation (F1) maize plant , or parts 
thereof, produced by the method of daim 12. 

14. (Amended) A maize plant, or parts thereof, wherein at least one ancestor of 
said maize plant is the maize plant of claim 2, said maize plant expressing a 
combination of at least two PH7JB traits which are not significantly different from 
PH7JB traits when determined at a 5% significance level and when grown in the 
same environmental conditions, said PH7JB traits selected from the group 
consistin g of; a relative maturity of [approximately] 99 based on the Comparative 
Relative Maturity Rating System for harvest moisture of grain, [high] grain yield, 
[above average] cold test results, and [above average] resistance to Northern 
Leaf Blight[, and adapted to the Northcentrai region of the United States]. 

1 5. (Amended) A method for developing a PH7JB-prooenv maize plant in a 
maize plant breeding program using plant breeding techniques, which include 
employing a maize plant, or its parts, as a source of plant breeding material, 
comprising: obtaining the maize plant, or its parts, of claim 2 as a source of said 
breeding material. 
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16. (Amended) The [mafze plant breeding program] method of claim 1 5 wherein 
plant breeding techniques are selected from the group consisting of: recurrent 
selection, backcrossing, pedigree breeding, restriction fragment length 
polymorphism enhanced selection, genetic marker enhanced selection, and 
transformation, 

1 7. (Amended) [A] The PH7JB-prooenv maize plant, or parte thereof, produced 
by the method of claim 1 5 wherein the method comprises 2 or less crosses to a 
plant other than PH7JB or a plant that has PH7JB as a parent . 

1 8. (Amended) The maize [plants] plant , or parts thereof, of claim 2, further 
comprising one or more [single gene conversions] genes that confer a qualitative 
trait and have been transferred into said maize plant through breeding methods 
that utilize PH7JB as a recurrent parent . 

19. (Amended) The [single gene oonversion(s)] maze plant of claim 1 8, wherein 
[the gene] at least one of the genes is a dominant allele. 

20. (Amended) The [single gene conversions )] maize plant of claim 1 8, 
wherein [the gene] at least one of the genes is a recessive allele. 



21 . (Amended) A maize plant, or parts thereof, having all the physiological and 
morphological characteristics of inbred line PH7JB, representative seed of said 
line having been deposited under ATCC accession No. [ ] PTA-4531 . 

22, (Amended) The maize plant of claim [21] 2, wherein [said plant is male 
sterile] genes controlling male sterile have been transferred into said maize Plant 
through crossing, wherein PH7JB Is a recurrent parent, and wherein pfont has 
essentially the same morphology and physiology of inbred maize line PH7JB 
other than the trait of male sterifitv . 
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23. (Amended) A tissue culture of regenerate cells or protoplasts from the 
plant of claim 21. 

25. (Amended) A maize plant regenerated from the tissue culture of claim 23, 
capable of expressing all the morphological and physiological characteristics of 
inbred line PH7JB, representative seed of which have been deposited under 
ATCC Accession No. [ ] PTA-4531 . 

27. (Amended) The method of claim 26 wherein the inbred maize plant [of claim 
211 having all the morphological and physiological characteristics of inbred maize 
plant PH7JB is the female or male parent 

33. (Amended) A PH7JB-progenv maize plant, or parts thereof, wherein at least 
one ancestor of sard PH7JB-prooenv maize plant is. the maize plant of claim [21] 
2, [said maize plant expressing a combination of at least two PH7JB traits 
selected from the group consisting of: a relative maturity of approximately 99 
based on the Comparative Relative Maturity Rating System for harvest moisture 
of grain, high grain yield, above average cold test results, above average 
resistance to Northern Leaf Blight, and adapted to the Northcentral region of the 
United States] and wherein the pedigree of said PH7JB-orogenv maize plant is 

within-2jprJess_crosses to a Plant other tha^PH^Bjara plant that has PH7J^ 

as a parent . 

34. (Amended) A method for developing a PH7JB-proqeny maize plant in a 
maize plant breeding program using plant breeding techniques, which include 
employing a maize plant, or its parts, as a source of plant breeding material, 
comprising: obtaining the maize plant, or its parts, of claim 21 as a source of said 
breeding material. 

35. (Amended) The [maize plant breeding program] method of claim 34 wherein 
plant breeding techniques are selected from the group consisting of: recurrent 
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selection, backcrossing, pedigree breeding, restriction fragment length 
polymorphism enhanced selection, genetic marker enhanced selection, and 
transformation. 

36. (Amended) [A] The PH7JB-proaenv maize plant, or parts thereof, produced 
by the method of claim 34 wherein the method comprises 2 or less crosses to a 
plant other than PH7JB or a plant that has PH7JB as a parent . 

37. (Amended) A process for producing inbred PH7JB, representative seed of 

which have been deposited under ATCC Accession No. [ ] PTA-4531 . 

comprising: 

(a) planting a collection of seed comprising seed of a hybrid, one 
of whose parents is inbred PH7JB said collection also comprising 
seed of said inbred; 

(b) growing plants from said collection of seed; 

(c) identifying said inbred PH7JB plants; 

(d) selecting said inbred PH7JB plant; and 

(e) controlling pollination in a manner which preserves the 
homozygosity of said inbred PH7JB plant. 

40. (Amended) A method for producing a first generation (F1) PH7JB-[<Jerived1 
progeny maize plant, comprising: 

(a) crossing inbred maize line PH7JB, representative seed of said 

line having been deposited under ATCC Accession No. [ ] 

PTA-4531 . with a second maize plant to yield progeny maize seed; 

(b) growing said progeny maize seed, under plant growth 
conditions, to yield said first generation (F1) PH7JB-[derived] 
progeny maize plant. 

41 . (Amended) A first generation (F1) PH7JB-rderived1 orogeny maize plant, or 
parts thereof, produced by the method of claim 40[, said PH7JB-derived maize 
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plant expressing a combination of at least two PH7JB traits selected from the 
group consisting of : a relative maturity of approximat ly 99 based on the 
Comparativ Relative Maturity Rating System for harvest moisture of grain, high 
grain yield, above average cold test results, above average resistance to 
Northern Leaf Blight, and adapted to the Northcentral region of the United 
States). 

42, (Amended) [The] A method for producing a PH7JB orogeny inbred maize 
plant comprising generating the first generation (F1> PH7JB-progenv maize 
plant bv the method of claim 40[,] arid further comprising: 

[(c) crossing said PH7JB-derived maize plant with itself or another 
maize plant to yield additional PH7JB-derived progeny maize seed; 
(d) growing said progeny maize seed of step (c) under plant 
growth conditions, to yield additional PH7JB-derived maize plants; 
(f) repeating the crossing and growing steps of (c) and (d) from 0 
to 5 times to generate further PH7JB-derived maize plants] 
selfino said first generation PH7JB-proaenv maize plant 
for successive filial generations to generate a PH7JB inbred 
progeny maize plant . 

43. (Amended) [A further derived] The PH7JB inbred progeny maize plant, or 
parts thereof, produced by the method of claim 42. 

47. (Amended) The maize [plants] plant , or parts thereof, of claim (21] 2, further 
comprising one or more [single gene conversions] genes that have been 
transferred into said maize plant bv utilizing PH7JB as a recurrent parent and 
wherein the maize plant or parts thereof, are essentially unchanged from inbred 
maize line PH7JB . 

48, (Amended) The [single gene conversion(s)] maize plant of claim 47, 
wherein [the gene] at least one of the genes is a dominant allele. 
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49. (Amended) The [single gene conversion(s)J maize plant of claim 47, 
wherein [the gen ] a least one of the genes is a recessive allele. 

Claims 50, 51, 52, and 53 were added. 
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CHAPTER NINETEEN 



Field-Plot Techniques 



Tbe fandamenral purpose of plane breeding is to identify genotype* with superior 
% performance in commercial production. A large proportion of the time and 
^expense devoted to cultivar development is in field evaluation of breeding ma- 
CteiaJ. The tests may involve genotypes in an initial stage of evaluation or those 
£>nng given final consideration for release as new cuhivars. The characters 
^mluated range from those that can be measured readily by visual examination 
tlo those that must be measured with appropriate instruments. The genetic po- 
[Itotial of a genotype for some characters may be determined effectively with 
i or a few plants in a small plot, while for other characters extensive evaluation 
Si larger plots may be needed. 

P ft is the responsibility of the plant breeder to select the field-plot techniques 
: will provide the maximum amount of information with the resources avail- 
pfte. The challenge is to adequately test as many genotypes as possible. The 
ccs available to plant breeders vary; usually several alternative techniques 
t available for character evaluation. Plant breeders must decide which tech- 
Rl^JV.ULbe-the^os^ 

Detailed discussions of field-plot techniques and data analysis are provided 
r Gomez and Gomez H984) and LeOerg et al. (1962). An overview of the 
! principles will be provided in this chapter. 



JRCES OF VARIATION 

i ideal way to compare genotypes would be to jrrow all of them in exactly 
f.fime environment and to measure their characteristics in precisely the same 
- The differences among genotypes in this ideal situation would be due 
Tto variation in their genetic potential: therefore, the best genotype could be 
' without error. This ideal is impossible to achieve under field conditions 
: of lack of uniformitv in the environment to which the genotypes are 
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exposed. Nevertheless, the use of appropriate field-plot techniques can maxima* 
the accuracy with which genotype* are compared and selected. 

The factors that result in test condition}, that are less than ideal can be refemd 1 
to collectively as sources of experimental error. They include variation in fig 
environment to which each cenotype is exposed and lack of uniformity in i 
measurement of characters. The breeder has opportunities to minimize expaf^ 
mental error by carefully selecting the site to be used for field trials, the culoorf : : 
practices used in crop production, the plot size and shape, and the method <f 
data collection. 



Site Selection 

Variation in the productivity of the soil is commonly referred to as soil heter- 
ogeneity (Fie. 19-1 1, Causes of noil heterogeneity include variation in soil type, 
availability of plant nutrients, and soil moisture. The variation cannot be com* 
pletely eliminated, but it often can be minimized by careful selection of the area 
in a field where plots will be grown. Soil maps are helpful for understanding 
the variation in soil type that is present. Soil types differ in their inherent ability 
to retain nutrients and moisture. Entire trials or at least an entire replicant* 
should be grown on a single soil type whenever po:>sible. 

Visual inspection of a field is important, even when a soil map is available 



Figure 19*1 Example of potential variation in soil productivity in a test area. 
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When a held has been identified a year in advance as u potential test site, it is 
useful for (he breeder to look for variability in productivity of the crop grown 
in the area. The breeder should note variarion in the terrain that may cause water 
to accumulate more in one place than in another. Differences in soil tillage after 
harvest of the previous crop mu\ be observed that could result in nonuniform ity 
of the area. Uneven distribution of plant or animal waste on a field should be 
noted as a potential contributor to variation in the availability of plant nutrients. 

Before a site is chosen, information should be obtained on cultural practices 
that were followed in the production of previous crops, with special attention to 
the application of chemicals that could influence the crop that the breeder will 
be evaluating. The residue from herbicides applied for control of weeds in 
previous crops mav cause damaee to the crop to be tested. The following que- 
stion from a research article byThorne and Fehr (1970b) on soybean breeding 
illustrates the importance of herbicide residue: 

The strains were evaluated at Ames and Kanawha. Iowa, in 1968. ... At Kanawha, 
part of tfie experiment was inadvertently planted in a field treated with ucrazine 
herbicide two years before. All plot* in tne area were destroyed, 
Previous cultural practices in a field can be especially important ai research 
stations where crops are rotated from one field to another on a systematic basis. 
The research conducted on crops previously grown on a field can influence 
markedlv the uniformity of the test site. For example, plots of oats were planted 
in a field at the Agronomy Research Center of Iowa State University in which 
soybeans had beenpl anted* the previous year. Growth of the oats varied in strips, 
as'if nitrogen fertilizer had been applied unevenly to the field. A review of the 
previous soybean research revealed that the strips of oats with extra growth 
coincided with areas where mature soybeans had been cut and left unthreshed. 
The nitrogen in the soybean seeds in the strips was available to the oats the 
following year, and caused nununiformity of nutrient availability in the test site. 



Cultural Practices 

-Experimenml-erTor-earKbe^m 

for production of the crop being tested. Chemicals should be applied uniformly 
to the test site before, during, or after planting. Uneven soil compaction should 
be minimized during tillage operations. Application of supplemental water by 
irrigation may reduce variability in soil moisture. Weed control should be uni- 
form; most breeders try to eliminate all weeds during the growing season to 
avoid experimental error caused by differential weed competition. 

The development of equipmenc'specificalty designed for planting, managing, 
and harvesting research plots has permitted breeders to grow plots more effi- 
ciently. The emphasis in the design and use of any equipment must be on the 
imi form ity with which genotypes are handled. 
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Experimental error increases whenever interplot competition causes the perfc 
mance of a genotype in one plot to be altered by the performance of genotyp. 
in adjacent plots, lnterplot competition results primarily from intcrgenoi'yp 
competition, which is the differential ability of genotypes to compete with eac 
other. lnterplot competition is more important for the evaluation of some cha. 
acters than for others. It is only through appropriate experimentation that a pk 
type can be identified that will provide reliable information for the character c 
interest. 

The effects of interplot competition can be avoided by the use of plots wit 
multiple rows in which only plants in the center rows arc evaluated (Fig. 
In plots with three or more rows, the outermost rows arc designated as the bordc 
or «uard rows. The function of the border rows is ro prevent plants in adjaccn 

Figure 19-2 Illustration of bordered row plots with different cuhivars desig 
nated as •. C and □. fCourtes> of Fehr. 1978.) 
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plots from influencing the performance of plants in the center of the plot. Each 
bordered plot can be considered a miniature field that is unaffected by neighboring 
field*. The spacing between plots can be greater than the within-plot spacing to 
facilitate the movement of equipment, particularly when narrow rows are utilized. 

It would be ideal if bordered plots could be used for the evaluation of all 
characters that are influenced by interptot competition. That ideal is difficult to 
achieve when thousands of genotypes are being evaluated. Bordered plots require 
seed and land that do not directly provide data for a genotype. Borders take up 
two-thirds of the seed and land area for three-row plots and one-half for four- 
row plots. The cost and availability of seed and land often necessitate restriction 
of the use of bordered plots to the evaluation of genotypes that are being given 
final consideration for release as cultivars. 

Interpiot competition can be reduced, but not eliminated, with tinbordered 
plots of two or more rows, all of which are used to evaluate a character (Fig. 
19-3). A genotype in a single-row plot is subjected to interpiot competition on 
both sides. Interpiot competition is reduced by one-half in plots with two rows, 
two-thirds with three rows, three-fourths with four rows, and four-fifths with 
five rows. The estimated reduction of Interpiot competition w ith increases num- 
bers of rows is based on the fact that each row of a plot must compete on two 
sides. The border rows are each subjected to interplor competition on one side 

Figure 19-3 illustration of unbordered row plots with different cultivars des- 
ignated as O. and Q (Courtesy of Fehr. 1978.) 
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but not on the other. Any row;, within the two border row* are protected from 
interplot competition. This can be expressed us 

Reduction in interplot tnum her of rows per plot x 2 sides) - 2 sides 
competition compared- 
with single-row plot 

(2 x 2) - 2 

Two-row plot — 



Three-row plot 



number of rows per plot x 2 bides 
= 1/2 
= 2/3 



2X2 
(3 x 2* - 2 



3 x 2 



The amount of interplot competition also can be reduced by increasing the 
spacing between rows of adjacent plots. Interplot competition in soybeans was 
evaluated with five cultivars grown in single rows spaced 100. 75. 50. and 25 
cm apart (Gedse et si.. 1977). The average effect of interplot competition on 
Seed vield waT:.6 percent for the 100-cm spacing. 5,3 percent for 75 cm. 8.0 
percent for 50 cm. and 17.6 percent for 25 cm. 

A combination of increased row spacing between plots and a large number 
of rows can minimize interplot competition in unbordered plats. In the soybean 
example of the preceding paragraph, the average change in yield for single-row 
plots spaced 100 cm apart was 2.6 percent. The percentage theoretically would 
be reduced to 1,3 percent for two-row plots and to 0.9 percent for three-row 
plots. Rows within a plot are not subjected to interplot competition: therefore, 
the spacing between rows within a plot can be less than the spacing between 
adjacent plots. Figure 19-3 illustrates u two-row plot in which the spacing between 
plots is wide eno'ugh to minimise interplot competition and the spacing within 
the plot is reduced^to minimize the land area required for each plot. 

Some breeders plant one culttvar as a common border between one- or two- 
row plots. In bartev. a lodging-resistant culiivar is used as a common border to 
prevent genolvpes with lodging susceptibility from falling on genotypes in ad- 
jacent plots, iherebv causing them to lodge unnaturally. The use of a common 

T6rae7n^fi«n~e^ 

between plots for seed yield and other quantitative characters. The results of the 
research indicate that a common border can reduce but not eliminate interplot 
competition (Thome and Fehr, 1970a). The average interplot competition for 
seed vield amona four soybean culiivars in single-row plots spaced 50 cm apart 
was compared with competition of the cultivars when a common border was 
used (Gcdse ct aJ. . 1977). Interplot competition averaged 1 1 .0 percent in single- 
row plots and 8.3 percent in plots with a common border. 



Plot Size and Shape 

The si2e of plots used to evaluate genotypes varies with the character being 
evaluated, the amount of experimental error that is considered acceptable for 
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measuring a charterer, the experimental de^un. und ihe urowth ch u ruck ri sties 
or the crop. PWu> var. in m/.c from those tor a Mngie plant that i;> harvested by 
hand to those that are wide and long enouyh to be harvested with the same 
equipment used by farmers for commercial production. 

SingtfPltwr Plots. Individual plants commonly are evaluated in segregating 
populations. There is no replication of the individuals, unless veserative prop- 
agation of clones is possible. The spacing among plots varies with the crop 
species involved. Gardner f 196t> spaced individuals 50 by 100 cm apart when 
selecting for yield in maize. Burton ( 1974J spaced plants of a population of 
Pensacola bahiagrass 60 by 60 cm apart when conducting recurrent phenotypic 
selection for forage yield. Burton and Brim f 1981 ) used a 46 by 46 cm spacing 
among soybean plants for selection of oil composition in the seed. 

Single-plant plots are used for the replicated evaluation of experimental lines 
orcultivars by the honeycomb field design (Fasoulas, 1979). The number of 
plants evaluated for a line is equal io the number of replications in the experiment. 
Fasouias ( 1 9$ I ) indicated that 100 single-plant plots (replications) per line would 
provide satisfactory results. The plots of the lines in a test are organized in a 
systematic manner to permit comparison of a plant of one line with adjacent 
plants of other lines (Fig. 19-4). The honeycomb design has not been adopted 
by plant breeders for replicated evaluation of lines because it requires more labor 
and is less amenable to mechanization than microplots or conventional row plots. 

Multiple-Plant Plots. The evaluation of experimental lines or cultivars by plant 
breeders is usually done in plots containing two or more plants. Plor size varies 
from small microplots consisting of a hill or short row to a plot with one or 
more rows several meters in length. 

Microplots. Microplots are used to minimize the amount of seed or land required 
to evaluate a jiroup of lines. In an unbordered micropiot. the effects of interplot 
competition must be considered when determining an appropriate distance among 
plots (Fig. 1 9-5), For oats, hill plots spaced about 30 by 30 cm apart have been 
used (Frey, 1965). while for soybeans, a spacing of about I by I m is more 
— commorr[Cmrland-and-Fehr r~\ 9S I7: ~ 1 

The number of plants in a micropiot differs amonj crops. A planting rate of 
30 seeds per hill is satisfactory in oats (Frey. 1963). while a rate of 12 seeds 
per hill is used for soybeans (Garland and Fchr, 198 1). When short rows are 
used as microplots. the plant density is comparable to that of larger row plots. 

There is a lack of agreement among plant breeders concerning the effec- 
tiveness of microplots for evaluation of agronomic characters, particularly seed 
yield. Breeders who use microplots indicate that they are useful for eliminating 
inferior lines during the first year of yield evaluation. Lines with acceptable 
Performance in microplocs are evaluated in conventional row plots during sub- 
sequent years of testing, to identify those that merit release as cultivars (Frey. 
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Figure 1 9-4 Grid and honeycomb design to select individual plants in a pop- 
ulation. For the grid design, pianis ore divided into blocks and the best ones 
chosen from each (Gardner, 1961). For the honeycomb design, the plant at the 
center of the hexagon, (x). is compared with every other plant within the hexagon 
fFasouhs. 1979). A plant is chosen only if it is superior to every other plant in 
the hexagon. The hexagons outlined represent two different selection intensities. 
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Figure 19-5 Illustration or' htfl plots with different cultivars designated as □. 
2, •- and ■ iFehr, 1978). 




1965: Garland and Fehr, 1981)- The advantages of microplots compared with 
conventional row plots for the first year of yield testing are that leas land is 
required per plot and that enough seed for replicated tests can be obtained from 
i single ptunt. which eliminates a season for seed increase. Breeders who do 
not use microplots are concerned about the reliability of yield data obtained from 
:hem. The coefficients of variability for microplots generally are about one and 
me-half to two times larger than for conventional row plots. 

^ow Plots. Row plots are used by virtually all plant breeders for replicated 
asting of genot y pes. The ov er all plot size is determ ined b y the number of rows. 
:he spacing between rows, and the row length. 

Single-row plots of I to 2 m in length are widely used for the visual evaluation 
of characters. Many breeders evaluate lines on the basis of their appearance in 
^mall unreplicuted plots, and advance the desirable ones to replicated tests the 
following season. Visual selection and seed increase commonly are accomplished 
with the same plot. 

A plot used to evaluate the yield of lines for the first time often is smaller 
:han that employed for advanced stages of evaluation. For advanced yield tests, 
'he breeder attempts to use a plot size that approaches or equals the dimensions 
considered optimal for the crop species involved. Optimum plot size is the 
"Minimum land area required to measure a character with an acceptable level of 
-xperimental error. 

Optimum plot size can be determined by the use of data from a uniformity 
rial (Cochran, 19371, A single cultivar is planted as a solid stand, without alleys* 
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in an area representative of that used for yield evaluation. The cultural practices 
used to produce the crop arc the same as those used for yield trials. The area is 
subdivided into smalJ units, and ihc seed* or plants from each unit are harvested 
and weighed separately. Experimental error associated with plots of different 
size can be determined by making various combinations of the small units. 

Optimum plot size also is determined through practical experience. The 
breeder often will experiment with plots of different size to find the smallest one 
that has an acceptable level of experimental error, Breeders often do nor agree 
on what they consider acceptable experimental error: consequently, an optimum 
size for one person may not be optimum for another. 

Plot width generally is determined by considerations other than the relation- 
ship of shape to experimental error. The primary factors are the number of rows 
required TO minimize or avoid interplot competition and the width of the planting 
and harvesting equipment that is available. Plot width influences the percentage 
of land area that must be devoted to alleys hetueen plots, Lone, narrow plots 
require a lower percentage of alley space than do wide, short plots. This ad- 
vantage is offset in bordered plots because the percentage of land area devoted 
to border rows decreases as the number of rows per plot increases, 

Plot length provides flexibility for plot size. Before calculators and computers 
became readily available, row length in the United States was varied to obtain 
a plot size that was a fraction of an aere (one-tenth, one-twentieth, etc.) to 
simplify the conversion of plot yields lo yields per acre. With use of computers 
for data summarization and analysis, this is no longer necessary. 

Data Collection 

The experimental error associated with the evaluation of a character is influenced 
by measurement errors during data collection. For characters evaluated visually, 
experimental error occurs whenever the data collector fails to give an identical 

_raung„to-plQts3v:iih_anJd 

established readily by rating a series of plots at different times and comparing 
the racings. It is essentially impossible to give visual ratings without error; 
therefore, the breeder must decide when the error is acceptable and when it is 
so large that genetic differences will be masked. 

Some characters can only be evaluated efficiently with the use of an appro- 
priate machine or instrument. Experimental error can occur because of failure 
to prepare a plot properly for measurement, of not obtaining a representative 
sample of the plot for evaluation, of using nonuniform procedures for sample 
preparation, and of failure of the machine or instrument to operate properly. 

Preparation of a plot for data collection ma> begin before planting. For 
experimental error to be reduced, the seeds or plants of every genotype used for 
plaminu must be treated equally. If sesds or plants of genotypes to be compared 
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in nut conic from a common environment, environmental error may result. Lint 
.icld and seedling vitjor of a cotton cultivar were found to differ in plots grown 
Tom seed* obtained from different locations (Peacock and Hawkins. 1970). Seed 
.ource also has been shown to influence seed yield of soybeans I Fehr and Probst. 

1971.) , 

In -some crop species, uniformity of plant density among plots can t>e im- 
portant in minimizing experimental error. With maize, it is a common practice 
: *o thin yield test plots to a uniform Stand soon after seedling emergence. Thinning 
's not considered necessary with some crop species, particularly those that have 
he ability to branch or tiller in response to low plant density, such as barley 
■nd wheat. It also is a common practice with crops such as maize to record the 
number of plants per plot immediately before harvest. The yield of the plots is 
adjusted for plant density by an analysis of co variance, to minimize experimental 
;rror in the comparison of genotypes. 

When a blank alley is used at the end of row plots, the end plants generally 
ire more productive than those growing in the cenrer of the plot. When end 
ilants are hurvested. yield of the plot is inflated in comparison to the yield 
Stained from plants growing in the center of the plot. This inflation will prevent 
i direct comparison of plot yields uith those expected in a normal commercial 
Wanting, unless an appropriate adjustment is made for all plots. The adjustment 
nay be made by considering the alley as pan of the plot area: therefore, plot 
en'gth is the distance from the center of one alley to the center of the next, 
nstead of the distance between plants at opposite ends of a row. For example. 
i the length of row containing plants is 5 m and the alley is I m wide, the plot 
ength for computing plot area is considered to be 6 m. 

The vield inRation by end plants in a plot does not contribute to experimental 
.rror unless genoty pes in a test do not respond similarly to the space in the alley. 
Hie experimental error associated with differential response of genotypes to un 
aiev can be minimized by adjusting yields according to characteristics of the 
:snoivpes chat influence this response. The end planes of soybean genotypes 
vith lare maturity give a greater yield inflation than do genotypes of early 
naiuriiy. Values have been developed with which to adjust plot yields for ma- 

a ri t .y-pt- & frybean^ewtype^ comparisons 

imo'ng soybean genotypes are restricted to those of similar maturity, unless plots 
ire end-trimmed before harvest. 

The onlv way to eliminate yield inflation by end plants is to remove the 
->hms before harvest. This procedure, referred to as end-trimming, is a standard 
■>rocedure with some crops. The end plants are removed late enough in plant 
ievelopmem that the remaining plants in the plot cannot take advantage of the 
•xira space. The length of row removed from each end of the plot must be long 
:nough to include all plants that have benefited from the space provided by the 
■.Hey? In soybean. 0.6 m is removed from each end of the plot (Wilcox. 1970). 

The problem of a blank alley is minimized in some crops by planting the 
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allev with rows of a single genotype perpendicular to the test plots. The result 
is that the plants ai the end of a ploi must compete with plants in the alley, and 
thus their yield may not be inflated as much as is the case with a blank alley. 
Plants in the alley are removed immediately before the plots are harvested. 

EXPERIMENTAL DESIGNS 

The arrangement of genotypes in a field experiment is referred to as the exper- 
imental design. Some of the designs utilized to compare genotypes are common 
to research in many disciplines, Others have been developed to deal with the 
problem of comparing a large number of genotypes as inexpensively as possible, 
The experimental designs used for the initial evaluation of a large number of 
genotypes often differ from those used in the advanced stages of testing a few 
select genotypes. Alternative design* will be considered here for comparison of 
single plants, unreplicated genotypes in multiple-plant plots, and replicated 
genotypes. 

Single-Plant Selection 

The first evaluation step in the development of a cuttivar generally is the selection 
of individual plants from a population, Individual plant selection also is employed 
in population Improvement by recurrent phenotypic selection. 

When single-plant selection in a population is for characters with a high 
heritabilitv, the plants generally are grown in a random order and those with 
desirable characteristics are selected. Cultivars may be grown in adjacent plots 
to serve as standards with which to evaluate single plants. Date of flowering, 
plant height, time of maturity, and certain types of pest resistance arc examples 
of characters for which single plants are selected without any predetermined 
arrangement of the individuals. They represenr characteristics that are not strongly 
"irTfluenced"by environmeniarvafi^liOfr: 

Single-plant selection in a population grown in a relatively large land area 
can be hampered seriously by soil hcterogeneiry for characters with a low her- 
itabiliry, such as seed or plant yield. Figure 19-1 illustrates variation in soil 
productivity in an area where a population of plants may be grown. If plants 
with the highest yield are selected regardless of their location in the field, those 
in the area of above -average productivity will be favored. A plant with outstand- 
ing genetic potential that i* located in the area with below-average productivity 
may be discarded. Two experimental designs arc available that minimize the 
effect of soil heterogeneity by comparing plants that are most adjacent to each 
other. 

Grid Design. Gardner { 1 961 ) proposed that the land area on which a population 
of individual plants is grown can be subdivided into block* or grids of a limited 
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area (Fig l^-'J. Plant> within ou^h bluck arc wumpured with each other, and 
the superior ones arc selected. Compari*on> arc not made between plants from 
different blocks. This experimental design has been we!! accepted by plant 
breeders . particularly those conducting recurrent phenotypic selection for yield 
or other characters with a low heri lability. 

Honeycomb Design. Fasoulas (1973) developed a honeycomb design for se- 
lecting individual plants in a population (Fig. L9-4). Five aspects of the design 
and Us implementation are unique, (a) Seeds or clones are spaced equidistantty 
from each other in a hexagon partem. The name of the design was chosen because 
the hexagon patterns resemble a honeycomb of bees, (b) Plants are spaced far 
enough apart that they do not compete with adjacent individuals. At the appro- 
priate spacing for a species, a missing plant does not influence the performance 
of adjacent individuals, because each plant already has sufficient space in which 
to develop to its full potential, <c) Homogeneous check cultivars can be included 
for comparison, if desired. Every plant of the check is compared with a different 
group of plants in the population. fd> The size of the hexagon used to select 
Single plants determines the selection intensity in the population, The effect of 
soif heterogeneity Is minimized because only those plants within the area of the 
hexagon are compared, fe) Every plant in the population is evaluated by placing 
it in die center of the hexagon. A plant is chosen only if it is superior to every 
other plant in the hexagon. By moving the hexagon, every plant is compared 
with a different group of plants in the population. 

Comparison of the Grid and Honeycomb Designs. Both the grid and honeycomb 
designs reduce the problem of soil heterogeneity in the selection of characters 
of low heritability. In a comparison of the designs, the advantages of one are 
the disadvantages of the other, and vice versa. 

There are three primary' advantages of the grid design. 

I. The spacing of plants does not have to be in a precise pattern. This 
facilitates the use of conventional plot equipment for planting and culti- 
vation. Mechanized planting of the honeycomb design would require 
specialized equi pment. 

IT^ele^tiorTinteniiity can be varie3~by altering the number of plants in a 
block and the number of plants selected. Only certain selection intensities 
are possible with the honeycomb design. 

3. Use of a defined urea for each block facilitates visual comparison of plants 
for selection. It is possible to compare planes within a block visually and 
collect dam only from those with the best potential, Use of the moving 
hexagon for the honeycomb design makes it impractical to compare each 
plant with appropriate ones in its hexagon; therefore* daia must be re- 
corded for every plant, except those that are obviously inferior. 

The honeycomb design has two advantages compared with the grid design. 
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Homogeneous check cultivars can be included to permit comparisons of 
individual plant* with a standard. When one-seventh of the plants arc a 
check, they can be arranged so that every plant in the population can be 
compared with a check plant. To provide adjacent plants of one check 
cultivar in a grid system, one-third of the area would have to be devoted 
to the check. 

More than two check cuhfvars can be included readily in hexagons of 19 
or more plana. Use of two or more check cultivars in the grid system 
would require thai a large fraction of each block be devoted to check 
plants. 



Unreplicated Evaluation with Multiple-Plant Plots 

Plant breeders routinely conduct visual selection among lines in unreplicated 
plots for maturity, disease resistance, standabilicy. and other characters of high 
heritubiliiy. Evaluation for yield in a single replication has been used io a limited 
extent to eliminate inferior tines before initiation of expensive replicated tests. 
With a single replication, each line is compared once with check cultivars or 
other line* to determine its genetic potential, a number of different arrangements 
are available for estimating the genetic potential of lines. One method is to 
compare each line with a common check cultivar (Baker and McKenzie, 1967). 
Figure 19-6 represents a hypothetical example of the yield of six lines in a single 
replication In the figure, the yield of each line is expressed as a percentage of 
the yield of the check cultivar immediately adjacent io it- 

Another alternative is to express the yield of each line as a percentage of the 
weighted average of the adjacent check plot and of the check plot two plots 
removed. The purpose for using a weighted average is io minimize the potential 
problem cau>ed by an unusually poor yield of a check plot. In Fig. 19-6. the 
,checi;,cuLtivar_adi acsnt to line* S and C has a much lowe r yield than other check 
eukivars. This results in an extremely high percentage for lines XITrid^BrThT - 
weighted average of check cultivars could be computed as 

(3 x yield of adjacent check) + (J x yield of check two plots removed) 

= weighted average of check cultivars 

The percentage yield of each line is compured as 

59 
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Observed yield. q,'h$ 
39 53 51 48 



Line 
E 



52 



Line 
F 



47 



42 



% of adjacent check 
107 179 136 106 108 772 

Figure 1 9-6 One possible arrangement of lines in a single-replication test. The 
performance of each line ts computed as a percentage of rhe performance of the 
common check culcivar adjacent to it. Une B would be considered the superior 
one. 



Line E = - 



52 



Line F = — 



(i x 48) f (J x 42 1 
47 



I5 x 42) + (J x 48) 



x 100 = 113 
x 100 = 107 



Another method used to compare genotypes in single replications is the 
moving mean (Maket ah, 1978: Townley-Smiih and Hurd. 1973). Each genotype 
is compared with adjacent test genotypes, not wuh a check cultivar. 

plot value with which to assess the genetic potential of a line. If by chance a 
line is placed on a plot of soil with above-average productivity, relative to that 
of plots with which the line is compared, it will seem to be genetically superior, 
even though it may not be. In replicated tests, the breeder will have more than 
one plot with which to evaluate each line. For this reason, single replications 
are not commonly used for yield evaluation. 

Replicated Tests 

Two or more independent comparisons of lines in a test provide a means of 
estimating whether variation in performance among lines is due to differences 
in genetic potential or to environmental variation. Each comparison is as rep* 
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lication, Replication can be accomplished b> growing two or more plots of each 
line at one or more locations or one plor ai each of two or more locations or 
years . 

Randomization. One important consideration in the arrangement of genotypes 
within each replication is the degree of randomization. From a statistical view- 
point, randomization of entries is required to obtain a valid estimate of experi- 
mental error. To fulfill the requirement, each entry must have an equal chance 
of being assigned to any plot in a replication and an independent randomization 
is required for each replication. 

Plant breeders understand the importance of randomization and consider it 
the ideal procedure for comparison of genotypes. They know that any experiment 
designed to estimate components of variance must be randomized. There are 
circumstances, however, in which plant breeders do not u*e complete random- 
ization for the comparison of genotypes. Genotypes with similar characteristics 
may be planted next to each other to reduce inrerplot competition in unhordered 
plots. A nonrandom arrangement of genotypes among replications may be used 
to facilitate selection of genotypes before harvest. 

Nonrandom Arrangements ofGenonpcs. Any discussion of nonrandom arrange- 
ments of genotypes can be misinterpreted because it may imply that randomi- 
zation is not an importunt principle. To avoid such misinteipietatiuii. it should 
be stated again that nonrandomi Nation should only be considered when resources 
are not adequate to make randomization feasible. The discussion of nonrandom 
arrangement? will include the reasons for their use, their disadvantages, and the 
ways procedures can be modified to permit effective randomization. 

N\in randomization Among Replications, tr is common to delu\ replicated tests 
for yield until genotypes have been visually selected in unrcplicatcd plots for 
characteristics such as lodging, heigh*, and maturity. To reduce the length of 
time for cultivar development, the season for evaluation in unrepricaied~plots 
can be eliminated by growing genotypes in replicated plots, visually selecting 
those with desirable characteristics, and harvesting only the plots of selected 
genotypes for yield evaluation (Garland and Fehr. 1981). When visual selection 
is based on the performance of genotypes in all of the replications, it is necessary 
to evaluate each plot, summarize the data, make the selections, and identify the 
plots of selected genotypes that should be harvested. The length of time between 
plot evaluation and harvest may be only a few days when characteristics of 
interest are not expressed until plant maturity. If >cverul thousand genotypes arc 
randomized in two or more replications, summarization of data and identification 
of plots to be harvested can be difficult Or impossible to accomplish in only a 
feu days- The use of the same arrangement of genotypes in each replication 
makes the job practical. 

When genotypes are in the same position within each replication, the data 
for plots of euwh genotype arc recorded in adjacent Columns (Fig. im-7|. Sum- 
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Figure 19-7 Field book pases for recording the data of genotypes grown in 
three replications. Nonrandom arrangement of genotypes Involves one page, 
whereas a random arrangement involves three separate sections on one or more 



278 



WALTER R. FEHR 



munzaiion of data i.s complete as soon a> the last plot is rated. Cenot\pes with 
undesirable characteristic in one or more replication* can be identified and 
discarded. The plot* ol" desirable genotype* are readily identified for harvest 
because the> are in the same portion in each replication. 

The disadvantage* of nonrandomization relate to the fact that the same ge- 
notype.** arc aluays adjacent to each other, which can have negative effects on 
the companion of genotypes. 

1 . In unbordered plots, intergenorypic competition can bias the performance 
of genotypes more seriously in a nonrundom than in a random arrange- 
ment. When a poor competitor is bordered by a good competitor, yield 
of the poor competitor can be reduced and that of the good competitor 
increased in every replication. There is no opportunity for a genotype to 
occur next to oihers with a more similar competitive ability." 

2. In unbordered plots, a genotype thar dies or is unusually weak in u|] 
replications can prevent the accurate evaluation of adjacent Genotypes. 
The performance of adjacent genotype* would never be tested in repli- 
cations where the\ were next to healthy genotypes. 

3. No unbiased estimate of experimental error can be obtained. 

The need to use nonrandomization of genotypes among replications can be 
avoided by improving the efficiency of procedures for data summarization and 
evaluation. An efficient procedure would include the use of a computer. Data 
would have to be entered rapidly into the computer, possibly bv enterine plot 
data into an electronic recorder in the field and electronically transferrins the 
information to the computer. Computer programs would be needed to summarize 
the data and make selections on the basis of standards established by the breeder. 
Plot identification information for selected genotypes would have to be provided 
for harvest. 

Grouping Similar Genotypes Within Replications. The evaluation of genotypes 

in unbordered plots c an be hampered b> bias from im ergenotypic competition. 

Want^aracEenstlcsThat often contribute to imergenoiypic competition in a crop 
include such factors as differences in height and time of maturity. To reduce 
intergenorypic competition, genotypes with similar characteristics may be grouped 
within replications. The position of each genotype may be varied from one 
replication to the next. This procedure, sometimes referred to as restricted ran- 
domization, has the advantage of reducing the effects of iniergenotypic com- 
petition in unbordered plots. The primary disadvantage is that all senotvpes in 
a test cannot be compared with the same level of confidence. Geno^vpes' within 
a group arc spaced closer to each other than genotypes in different groups and 
are less affected by environmental variation among* plots. 

The use of bordered plots eliminates the need lor grouping genotypes. The 
performance of g«notype> in plot> is not influenced by intergenorypic compe- 
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tition; thcrcl'nre. randomization in practical, An increase in land, seed. and other 
resourco will he needed tor replacement of unbordercd plOt> with bordered ones. 

Experimental Designs for Replicated Tests. The arrangement of genotypes in 
replicated cests involves primarih the use of either the randomized complete* 
biock design or incomplete-block designs. The Latin square is used only in 
special circumstance when che number of entries is small (Cochran and Cox. 
1957). The honeycomb design can be used tor replicated testing but is considered 
too difficult to implement tor a large number of lines {Fasoulas. 1 981). 

The difference?) between the randomized complete-block and incomplete- 
block design* relaie to their ability to account for environmental variation within 
a replication, The two types of design differ in restrictions on the size of a 
replication, randomization procedures, analysis of data, and comparisons among 
genotypes. 

The term* complete-block and incomplete-block refer to the arrangement of 
genotypes in an experiment (Fiji. !9-Sj. A block and a replication are equivalent 
in u randomized complete-block design. A block contain* nil of the genotype* 
in the test and is considered complete. Genotypes are divided into more than 
one block uirhin each replication of an incomplete-block design. The block* are 
considered incomplete hccaune ihey contain only part of the genotypes. A number 
of different types of incomplete-block design* are available (Cochran and Cox, 
1957>. The most common types used in plant breeding arc referred to as lattices. 
In a lattice design, a replication is divided into blocks that collectively contain 
all the genotypes in a tesi (Fig. 19-8). 

The" incomplete-block designs are intended to provide more control over 
environmental variation within a replication than is possible with the complete- 
block design. The ideal situation for genotype evaluation would be to test each 
genotype in the bame plot- thus avoiding any environmental variation caused by 
differences in >oil fertility, moisture, and other factors within a field. This is 
not possible, so the next best approach is to adjust the performance at each 
genotype according to the relative productivity of the plot in which it is evaluated. 
If one" plot has better fertility and moisture than the average for all plots in a 
"TeptoTionTthrp^ 
A senotype in a plot with lower productivity than the average will have its 
performance adjusted upward. 

Although individual plot adjustments are not possible, the lattice designs 
permit the" performance of a genotype to be adjusted upward or downward 
according to the productivity of the blocks in which it was grown. The random- 
ized complete-block design does noi divide the replication into smaller units and 
is not able to adjust the performance of a genotype for environmental variation 
within replications. 

The effectiveness of the lattice design in accounting for environmental vari- 
ation within replications depends on the pattern of variation. Figure 19-9 shows 
two replications with variation in soil productivity. The soil productivity in 
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Figure 19-8 Lattice design for an experiment with 42 entries and ihree rep- 
lications. (Adapred from Cochran and Cox. 1957.) For a randomized complete- 
block design, there are no blocks within a replication and the entries arc assignee 
at random to the 42 plots. 



replication 1 increases from left to right. The blocks of the lattice design ar 
arranged in a pattern that effectively measures the variation, as evidenced b; 
differences in the mean for each block. The variation in soil productivity i 
replication 2 does nor fit a consistent parrern. Much of the variation occurs withr 
blocks, and the mean performance of the blocks is relatively similar. The Iatci<. 
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52 60 54 57 51 59 55 56 



Mean performance of entries in a block 




soil with high productivity 
soil with average productivity 



I ' | s soil with low productivity 

Figure 19-9 The effect of the pattern of variation in soil productivity on the 
effectiveness of the lattice design in accounting for environmental variation 
within a replication. The lattice would be more effective in replication I than 
in replication 2. 



deslan cannot adjust for differences in productivity within a block: therefore, it 
would not be as effective in replication 2 as in replication 1. 

Thc-cffcgttveness^ COfT1 * 

plete-block is expressed as relative efficiency. Relative efficiency is computed 
as a ratio of mean squares for experimental error of the two types of design. 

Relative mean square for error of lattice x ^ 

efficiency ~~ mean square for error of randomized complete-block 

The ratio is used to determine the number of replications that would have to be 
used with the randomized complete block to achieve a precision in detecting 
differences among the means of genotypes equal to that with a lattice design. 
A relative efficiency of 150 percent indicates that 50 percent more replication 
would have been needed with a randomized complete-block design than with a 
lanicc 
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The ewe types of design differ in the flexibility char is possible in a test. The 
randomi2ed complete-block c;.tn accommodate any number of genor\pes or rep- 
lications. The lattice design requires thai a specified number of genotypes and 
replications be included. For example, no lattice design can be used with 44. 
58. or 7-4 genotype*. There is no restriction in a randomized complete-block for 
the length and width of a replication. For example, a test with 72 entries could 
be planted 8 plots long by 9 plots wide or 6 plots long by 12 plots wide. The 
shape of replication for a particular number of genotypes in a lattice is not as 
flexible. A res: with 72 enrries could be planted 8 plots long by 9 plots wide, 
not 6 plot* long by 12 plots wide. 

The randomization of an experiment and statistical analysis of data are more 
complex for a lattice than for a randomized complete -block. This can be important 
if the work is done by hand, but not if done by computer. Computer programs 
are available that will readily accommodate either type of design. 



EQUIPMENT FOR EFFICIENT EVALUATION OF GENOTYPES 

The efficient evaluation of a lar^c number of genotypes is important for genetic 
improvement , Plant breeders have been actively involved in the development of 
equipment thai permits them to evaluate more genotypes with equal or greater 
qualitv than was previously possible. The equipment ranges from simple hand 
devices to sophisticated computers. 

Each crop has unique characteristics that influence the type of equipment 
used. Even for a certain crop, breeders differ as to the type of equipment they 
consider most desirable. Here only a small sample of available equipment will 
be used to illustrate how large numbers of genorypes are evaluated by plant 
breeders. 



Preparation of Seed for Planting 



The main steps involved in preparing a field experiment include packaging the 
seed and placing it in the proper arrangement for planting. Computers can be 
used to randomize entries and assign plot numbers, The computer system can 
print an adhesive label for each packet of seed to be packaged. The label contains 
the plot number, the entry number, and other information of value to the breeder. 
The plot and entry information also can be printed on pages used to record daia 
in the field- The same w r ork can be done by hand, but would require a large 
amount of labor and would be more subject to human error. 

Seed is counted by hand or by electronic counting devices. If the number of 
seeds for a plot is large and precise numbers are not required, the seeds may be 
measured by volume. 
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Rapid planting of plots can be accomplished with engine-driven planters. Mal- 
liple-ro* plots may be plumed from a ^inizlc packet when each row docs not 
require the exact same number of seeds. The seed is passed through a divider 
that separates the *oed into a fraction for such row. The divider may be a powered 
spinning device or a gravity system. 

The planter can move through the field without stopping. Seed rbr a row is 
placed in a container above a planting cone. When the row is ro be planied. the 
container is lifted and the seed drops onto the planting cone. Two types of cones 
are used to distribute seed along the row. For one type, the base turns and carries 
the seed to the outlet. There it is knocked from the base by a stationary plaie. 
falling through the outlet to the soil. This type of cone is used for relatively 
small seeds that do not roll easily, such as barley. The second type has fins 
mounted on the center cone. The seed falls onto a stationary base and is dragged 
by the Hn> to the outlet. The fins are well suited to relatively lur^c wd$. 
particularly those that have a tendency to roll easily, such as maize and soybean, 
The length of a plot is a function of the distance traveled by the planter before 
all the seed has left the cone. At a constant ground speed, a cone must turn 
faster tor short rows than for long rows. Adjustment of the speed of the cone 
rotation can be accomplished readily by several mechanical systems. 

While the seed for one plot is being planted, the seed for the next plot is 
put in the container above the cone. There are a number of ways to determine 
when the container should be lifted to begin a plot. One way is to mark the 
beginning and end of each plot in the field before planting starts. When the 
planter reaches the beginning of a plot, the operator lifts the containers manually 
or electronically. The advantage of this procedure is that the location of each 
plot can be identified as soon as planting is complete. The second way is to use 
a cable extended across the field that has knobs spaced along It. The spacing 
between knobs is equal to the length of the plot and the alley. For plots that 
have rows 5 m long with a 1 m alley between them, the knobs would be spaced 
, 6 m apart. As the planter passes by the cable, the knobs signal when the container 
should be lifted manual lyTontTctivates arfelecrroiTic-mppma-device^ The-cable 
is moved after each pass" across the field. Use of the cable saves time at planting 
bv eliminating the need to mark the stun and end of plots manually. 



Weed Control 

Weed control is accomplished by the use of chemicals, cultivation, and hand 
weeding. The chemicals generally are those applied For weed control in com- 
merciaf production of the crop. Cultivation equipment may be especially designed 
for use in research fields or may be the same equipment used commercially. 
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Preparation of Plots for Harvest 

Trimming of plots to a constant length before harvest 15 done manually or with 
specialized equipment. Plots of small grains generally are trimmed to a constant 
length early in the season when the plants arc about 30 cm talJ. A rototiller or 
mower is passed along the end of each plot to kill the unwanted plants. The 
rototiller may be mounted on a tractor or may be a self-propelled unit that a 
person walks behind. Plots of soybean can be cut to a constant length with rotary 
mowers before seed filling begins. Two mowers are attached to a pipe so that 
they are separated by a distance equal to the desired plot length, and are driven 
perpendicular to the length of the rows. 



Harvest 

The most common type of harvester for the measurement of forage yield in the 
United States is a self-propelled flail chopper. The machine cuts the plants with 
a rotating flail thai throws the cut portion into a collection point behind the driver. 
The plant material for a plot may be collected in a plastic container and weighed 
on a stationary scale set up in the field. To eliminate the labor required to use 
containers, an electronic scale can be mounted on the machine. The plant material 
is weighed and then it is discarded into a wagon. 

The harvest of ptots for their seeds is conducted with three different pro- 
cedure* or type* of equipment. One procedure is to collect that part of the plant 
that bean, the seed, weigh it directly, or carry it to a stationary machine for 
threshing. The plum part ma\ he removed by hand or may be collected with a 
machine, such as a mower with a collection basket mounted behind the sickle. 
The harvested sample may be threshed immediately or dried For a period of time 
before threshing. O ne popular type of stationary machine in the Vogei thresher. 
The plants pass vertical lylh rou grnheltTacrTi rfe^aTthe^ "are^trir« hed—f ora second- 
type of stationary thresher, the materia! passes through the threshing cylinder 
and falls on a sieve that helps separate the seed from the plant debris. Air is 
used to separate the seed and the plant debris in both types of machine. 

The second procedure for harvesting plots is to use a self-propelled thresher 
specifically designed for small plots. The plant part with the seed is gathered 
into the machine and passes through a threshing cylinder, then the seed and plant 
debris are separated by sieves and air. The seed may be placed into a bag and 
saved or may be weighed immediate] y and discarded. Seed harvested from self- 
propelled machines generally is more subject to mixtures than that harvested 
with a stationary thresher. 

The third type of equipment is a commercial combine modified for the harvest 
of small plots. A commercial unit is used only when the amount of seed harvested 



01/06/03 MON 18:5a FAX 515 334 6S83 PIONEER HI -BRED DSM 



FIELD-PLOT TECHNIQUES 28> 

from a plot is relatively large und is not *uved for planting. Modification;, of the 
commercial combine include reduction of the number of rows hunzted and the 
addition of equipment for weighing the seed. 

Data Collection 

Usually a number of characters are measured on each plot, such as height, 
standubility, and yield. The data may be recorded in a field book, then manually 
entered into the computer for statistical analysis. Alternatively, the information 
may be recorded in an electronic data collector and transferred directly to the 
computer. This saves time and reduces the possibility of human error. Plot and 
entry designations also can be recorded on labels that can be read into the data 
collector by an electronic scanner. 



DeU Analysis 

Computers facilitate the selection of lines by summarizing data in whatever 
manner is beneficial ro the breeder. They save an extensive amount of time, 
minimize human error, and permit data to be summarized in u short period of 
time. 
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1991; Bockki. et rtl. 1WJ). Chakrakortv et al. (1994) 
demonstrate that paternity ran be determined in cases 
where the mother is unavailable for testing. Lano et 
aL (1993) partially reconstructed the DNA profile of it 
missing crocodile parent usiag profiles of die mother 
and progeny. 

Chakraborty et aL (L9S8) and Smguse and Mkacher 
(1994) report that reliance upon exclusion alone has 
usually failed to unambiguously resolve paternity. Limi- 
tations have stemmed from the use of an insufficient 
number of independent hype rvariable loci. Other statis- 
tical methods are therefore required to calculate the 
likelihood of paternity for each nonexcluded male 
(Berry and Cesser 1986; Meagher 1986; Meacker 
and Thompson 19S6; Thompson and Meagher 1987; 
VtvtmttaL 1988; Berry 1991), Marshall al. (1998) 
draw attention to the quality of data ihat is encountered 
practically in genocypic surveys. Maternal genetic data 
may or may not be available, data may be absent for 
some candidate males, dnta may be missing for some 
loci in some individuals, null alleles exist, and typing 
errors occur. Reconstructing or validating the pedigrees 
of varieties of cultivated plants often provides additional 
challenges because their phytogenies can reveal appar- 
ent exclusions that masquerade as non-Mendelian in- 
heritance. For example, apparent exclusions can occur 
in circumstances where an individual is used as a parent 
prior to completion of the inbreeding process. The de- 
velopment of parent and progeny thert continue on 
parallel but separate tracks thereby allowing the possibil- 
ity that alleles that are subsequently lost through in- 
breeding in the parent can sull become fixed in the 
progeny. U is also possible to create many offspring from 
a single mating and to use the same parent repeatedly 
in "backcrossing.* Therefore, many individual inbred 
lines, varieties, or hybrids can be highly related. In con- 
sequence, there are numerous (and often very similar) 
~pea^c^s7The-eff^ 

discriminate between alternate pedigrees is proportion- 
ally reduced as parents are increasingly related- Conse- 
quendy, inbred lines can be more similar to one or 
more sister or other inbreds than those inbreds are to 
one or both of their parents. 

It has not been usual to search among hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage are in circumstances where there is a priori 
information for at least one of the parents (usually the 
maternal parent) . Limi ted availability of marker loci and 
the lack of very high-throughput genotyping systems 
offering inexpensive datapoint costs may have focused 
te$$&rch on studies that involve relatively few individuals 
and where there is at least some « prion indication of 
parentage. Studies that have been conducted without a 
prion information on parentage include species where 
reproductive behavior renders identification of the ma- 
ternal parent difficult or impossible. Examples include 



trm /'/ tit 

those undertaken on birds thai practice brood parasit- 
ism (Al.mauiON al. 1999) or extra-pair copulation 
(Wetton rt *L 1993) or on species such as the wombat 
that are difficult to observe m the* wild 'Taylor ti al 
1997). 

Two circumstances favor a revised approach to the 
statistical analysis of pedigree, First, molecular marker 
technologies are rapidly developing and will allow nu- 
merous loci to be typed for thousands of individuals 
rapidly and inexpensively. A greater number and diver* 
sicy of larger-scale studies of pedigree can be expected 
within the plant and animal kingdoms including individ- 
uals in which there is no prior knowledge of pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
are required. 

The purpose of this article is to describe and evaluate 
a methodology that can be used to quantify the probabil- 
ity of parentage of hybrid genotypes. We focus on par- 
entage because it is the primary focus of published litera- 
ture and it is the easiest level of ancestry to understand. 
The method is robust in the face of mutation, pseudo- 
non-Mendelian inheritance (apparent exclusions) due 
to residual heterozygosity in parental seed sources, miss- 
ing data, and laboratory' error. The methodology has a 
number of advantages: (x) It can accommodate large 
datasets of possible ancestors (hundreds of inbreds or 
hybrids each profiled by >100 marker loci), (ii) it does 
not require prior knowledge about either parent of the 
hybrid of interest, (iii) it does not require independence 
of the markers, and <rv) it can successfully discriminate 
between many highly related and genetically similar ge- 
notypes. We demonstrate the effectiveness of this ap- 
proach to identify inbred parents of maize {Zen mays 
L) hybrids using simple sequence repeat (SSR> marker 
— pw>files-f©r34jnwzeJiybrids-to 

and grandparental genotypes included among a total 
of 586 inbred lines. The methodology is applicable to 
the investigation of parentage for all progeny developed 
from parental mating without, subsequent generations 
of inbreeding. 

MATERIALS AND METHODS 

Algorithm; Consider an index hybrid whose parentage is 
unknown or in dispute. Inbreds In an available database are 
possible ancestors of the hybrid, The objective is to find the 
probabilities of closest ancestry for each Inhrcd on the basis 
of information from SSRs from the index hybrid and the 
inbreds. There is no reason to trini the database by removing 
inbreds though r to be unrelated CO the index hybrid because 
their luck of relationship will be discovered. 

Consider a pair of possible ancestors, in bred i and inbred 
/ There is nothing special about ihls pmucular pair a$ all 
pairs be treated similarly. The process involves calculating 
the probability that inbreds Van rl yare j„ t f H . hybrid's ancestry, 
repeating this for all pairs of inbreds in ibv database. 
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The biiMA ot ihc utKuriihiii is Biiu-s* rule (r.£.. Bkkky IWM. 
1996). U'T Pti. jlSSRai «uncl for the (posterior) probability 
that /and j'are ancestors of the index hybrid given the informa- 
tion from the various S5Rs. Lei ft/', j) stand for the uncondi- 
tional (or prior) probability of (he same event. Finally, 
^{SSRsU. 7) is the probability' of observing the various SSR 
results if in fact ; and jarc ancestors- Saves" rule says 

/^i/ISSRs) = PtSSWlj) * />(;. jV^CftSSRslu, v) x 

where the sum in the denominator is overall pairs of inbreds. 
indexed by u and v. /\SSRslf, ;) X P{i> j) is out* of the terms 
in the denominator. (To compute the denominator in the 
above expression, fix a particular order to the inbred* in the 
database and' take u <. v in expressions involving the pair (u. 
v). If there are 5S6 inbreds, for example, then the number 
of pairs and the number of terms in the denominator is 
586(387)/2 = 171,991.) Inbreds i and j may be parents or 
grandparents or other types of relations or bear no relation- 
ship at all co the hybrid. If there are more than two ancestors 
in the database, such as both parents and all four grandpar- 
ents, then the possible pairs involving these ancestors will 
generally have the highest posterior probabilities. If the hy- 
brid's true parents arc In the database* then as a pair they will 
typically have the highest overall posterior probability. If both 
i and /happen to be related to one particular parent of the 
hybrid, then as a pair their posterior probability will be low 
because they will not usually account for many of the alleles 
chat are contributed by the other parent of the hybrid. 

We will make the "no-prior-information** assumption thnt 
P{u, v) is the same for all pairs (ic v). This implies that this 
factor is cancelled from both numerator and denominator in 
the above expression, giving: 

P{i,j\SSRs} = ftSSRsl^VSftSSRslu, u). 

The problem is then co calculate a typical PfSSRsliJ) . Assume 
inbreds i and jare both ancestors. We calculate the probability 
of observing the resulting hybrid under this assumption. We 
make no assumptions about relationships among the various 
inbreds. Other possible ancestors will be considered implicitly 
in the calculation by allowing cheir alleles to be introduced 
through breeding with *flrtd/ However, the naimc of such 
breedings is not specified. Suppose inbred is alleles arc (a, 
b). Each descendant of inbred t receives one of these two 
alleles or noc An immediate descendant receives one ivith 
— probability-M-bairmg^utation^ 

scendant receives one of them with probability 0.3. And so 
on. Since degree of ancestry (if any) is unknown, we label the 
actual probability of passing on one of these alleles co be />. 
Similarly, an allele from inbred j has been passed down to the 
hybrid or not, and the probability of the former is P. In the 
following, Pwill be taken to equal 0,50. although we will also 
consider P = 0.99 in some of the calculations. 

Assuming P = 0.50 is consistent with the closest ancestors 
in the database being grandparents. However, we are nor 
interested in grandparents prr If the closest ancestors in 
the database were parents, tiien as indicated above P should 
equal I (ignoring mutations and laboratory errors). Our pri- 
mary concern is when the parents are not in the database. In 
this case Pis no greater than 0.50. .Assuming P - 0.50 is robust 
over the middle range of possible values of p. One way in 
which it is robust is if there may be mutations and laboratory 
errors, in which case P would have to be <l. Taking P to 
equal 0-50 levies Utde penalty against a particular pair in which 
there is an apparent exclusion from direct parentage. There- 
fore taking Pio be <1 means that if the true parents are in 
the database then they will not be ruled out if inert- happen 
to be mutations and laboratory errors. And if the closest anres- 
tors in the database arc more remote than grandparents, they 
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are likely to be identified beaut*? ihrv will itMialh have the 
fewest mismatches of the linos considered. 

When / and j are ancestors there urc four possibilities; (1) 
The alleles of both inbreds i and j were passed to the hybrid. 
(5) inbred ;' came through bin not inbred y, (3) inbred j 
came through but not inbred /. and (4) neither inbred came 
through. Assuming independence, these have respective prob- 
abilities /» P{\ - ft, P(l - P). (1 - ft-. In the case P « 
0.50. all of these probabilities equal 0.95. 

An instance of the law of total probability (Sec. 5.3, Berry 
1996) is that the probability of observing a hybrid's alleles is 
the average of the conditional probability of this event given 
the above four cases. The simplest of the four cases is the 
first possibility: Assuming the hybrid's alleles are passed down 
directly from both inbreds. the probability of observing the 
hybrid's genotype is cither I or 0 depending on whether the 
hybrid shares both inbreds* alleles. (It is especially easy when 
both inbreds are homozygous.) The other three cases require 
an assumption regarding the possibility that an inbred's allele 
is not passed to the hybrid but is interrupted by a mutation, 
a laboratory error, or intervening breeding. We regard such 
an allele as being selected from all known alleles with probabil- 
ity l/(number of alleles), where the number of alleles is the 
total number of alleles known to exist at the locus in question. 
An alternative approach would be co use the allelic propor- 
tions that are present In the database (or in another database). 
However, the lines in the database may not be randomly se* 
lected from any population. For example, a line that has been 
highly used in breeding would have many derivative lines in 
the database, in which case the frequencies of its alleles will 
be artificially inflated. Assuming equal probabilities for the 
various alleles at a given locus is robust in the sense that it is 
not affected by adding and dropping lines from the database. 

There are many cases co consider when computing the 
probability of observing a hybrid's alleles, depending on the 
zygosity of the hybrid and the inbreds. and allowing for the 
possibility of missing alleles or "extra alleles" in the assessment 
of the hybrid and inbred genotypes. These possibilities are 
too numerous to list. Instead we give three simple examples- 
All the examples have homozygous inbreds, the most common 
ea*e. And each of the tbrea hybrids ho* two nllclcs, ngiun the 
most common case- Wc suppose chac the measured alleles for 
three SSRsand a particular trio of hybrid and ancestor inbreds 
arc as we have indicated in Table E. 
For SSR 1 there are three known alleles, one in addition 

toWlctcs 'a "an^J^aTw^tisTeircsr 

inbred /> and inbred ;) in Table 1, For SSR 2 and SSR 3 
there are two known alleles in addition to those listed. The 
calculations in the right half of Table I will now be explained. 
Implicit in calculating P{SSR\i,fi is the assumption— required 
in both the numerator and denominator of Baycs' rule— that 
inbreds « and j are ancestors of the hybrid. Consider SSR I. 
In case 1 above, both ancestors' alleles (as measured by the 
laboratory process) are assumed co pass to the index hybrid, 
and so in 'this case the hybrid is necessarily ab. The probability 
of observing the actual hybrid's genotype is 1 for case I . as 
shown in Table 1. In case 2> we assume that inbred Ts allele 
passes lo the hybrid but inbred /s does not. Indeed, the hybrid 
has an a allele. The probability of observing a £as the other 
allele is l/(number of alleles) = 1/5, as shown in Tabic 1. 
Case 3 is similar. In case 4. neither ancestor allele is passed 
to the hybrid; the probability of observing the hybrid's geno- 
tvpe (or any heterozygous genotype) is 2(1/3) (1/3) = 2/9. 
Since P ~ 0.50, the overall (unconditional) probability in the 
rightmost column (17/36) is the simple average of the four 
coses, as indicated in Table 1. 

For SSR 2 and SSR 3 the calculations arc similar. For SSR 
2 there is some evidence against pair (/. /) being ancestors. 
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Probability of observing a hybrid's alleles using three sample SSRs and four possible combinations (cases) 
oT alleles passed, assuming that inbreds i and j are ancestors oF the hybrid 
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SSR, simple sequence repeat marker profile. 



but it is not conclusive. For SSR 3 there is even less evidence 
favoring pair U would not take many SSRs with evidence 
similar to that for SSR 3 to essentially rule out this pair— 
provided that other pairs arc not similarly inconsistent. 

To find the overall f^SSRsli, j), multiply the individual 
P($SR\i,j) over the various SSRs. There are purely computa- 
tional issues to address. Each P(SSR1i, j) is a number between 
0 and 1. When there arc a great many SSRs. the product of 
these numbers will be vanishingly small. To lessen problems 
with computational underflow, for each SSR we multiply 
/*(SSRIu. v) by the same constant for each pair (u. v): the 
inverse of the largest possible such probability. For example, 
since 17/36 Is the largest probability for a heterozj-gous hybrid 
at an SSR having three alleles (as is the case tor SSR 1 in 
Table 1), we multiply all factors P(SSRJIt4» v) by 36/17. To 
eliminate remaining problems with underflow, we do calcula- 
tions using logarithms (adding instead of multiplying) and 
cake analogs at the end 

The probability P($SR1 u. v) is calculated for all («, v) pairs 
and summed over all possible pairings in the database, includ- 
ing that f6r the inbred pair under consideration: (i, fi. This 
gives the denominator in the expression for P{i, jlSSRs). 

To determine the probability that any particular inbred, say 
inbred /, is the closest ancestor of the index: hybrid, sum 
P(S5Rli. v) over all inhrcds v with v -/ i. Call this /^ilSSRs). 
The maximum of WSSRs) for any inbred * is 1. But since 
there is one closest ancestor on each side of the family, the 

suffToTTOSSRs^owraH-in^^ 

pair ( i. j) forwhich P[L jlSSRs) is close to 1 then both /*(ilSSRs> 
and P(j\SSRs) separately will be do*e to I. 

SSR data: DNA was extracted from 54 maiie hybrids and 
from 586 maize irtbreds. All of the hybrids and most inbreds 
are proprietary products of Pioneer Hi-£rcd International: 
some important publicly bred inbred lines were also included. 
The inbred parses mid grandparents of each hybrid werr 
included within the set of inbreds. Other inbreds that were 
genocyped include many that are highly related by pedigree 
to parents and grandparents of the hybrids. The hybrids were 
chosen because" each has a pedigree that is known to us and 
collecdvcly they represent n broad array of diversity of maize 
germplasm that is currently grown in the United States ranging 
from eartv to late maturity. 

A total* of 195 SwSR loci were used in this study following 
procedures described in Smith h nl. (1997), but modified as 
described below. SSR loci were chosen on the basis thai they 
individually have been shown .to have n high power of discrimi- 
nation among mai/c inbred lines ;inri collectively uhry provide 
for a sampling of diversity Tor each chromosome arm. Of rhesc 
SSR loci, the following numbers (In parentheses) were loaned 
on individual iiuu?.c i hmmnsoiues as follows: I (35). 2 (*Jfi). 
3 (22), 4 (20), :» (lt>i. b t'.l), 7 (6). 5 9 {V2). and H) 



(14); 17 SSR loci have not yet been mapped. The correlations 
among the loci are unknown and are irrelevant for our meth- 
odology. 

Sequence data for primers that allow many of these (and 
other) SSR loci to be assayed are available at website http;^ 
www.agron, missouri.edu. Alt primers were designed to anneal 
and amplify under a single set of conditions for PGR in 10-u.l 
reactions. Genomic DNA (10 ng) was amplified in 1.5 mM 
MgCl,. 50 dim KCI, 10 mM Tris-Cl (pH 8.3) using 0.3 units 
AmpUTaq Cold DNA polymerase (PE Corporation) oligonu- 
cleotide primer pairs (one primer of each pair was fluorcs- 
eenilv labeled) at 0.1" u-m and 0.2 mv dNTPs. This mixture 
was incubated at 95' for 10 min (hoc start): amplified using 
45 cvcles of denaturation a* 95 p for 50 sec, annealing at 60° 
for 50 sec, extension ac 72° for 35 sec; and then terminated 
at 72° for 10 min. A water bath thermacyclcr manufactured 
at Pioneer Hi-Bred Intcrnadonal was used for PCR reactions. 
PCR products were prepared for electrophoresis by diluting 
3 u.1 of each product to a total of 27 p,l using a combination 
of PCR products generated from other loci for that same 
maize genotype (multiplexing) and/or dH20. Diludon of 1.5 
,4.1 of this mUiure to 5 u,l with gel loading dye was performed: 
it was then electrophorcscd at 1700 V for 1.5 hr on an ABI 
model 377 automated DNA sequencer equipped with GENE- 
SCAN software v. 3.0 (PE-Applied Biosystems. Foster City. CA). 

PCR products were sized automatically using the "local 
Southern" s«ing algorithm (Elder and Southern 19S7). 
-Afccr-smng^f-PGR^roriucu-usl^^ 
assigned using Genoryper software (PE-Applied Biosysicms). 
Gencrally, allele assignations for each locus were made on 
the basis of histogram plats consisting of 0.5-bp bins. Breaks 
between the histogram plots of >1 bp were generally consid- 
ered to constitute separation between allele bins; however, 
other criteria, such as the presence of the nontemplatc- 
directed addition of adenine (+A addidon) and naturally 
occurring )-bp alleles, were used on a marker-by-marker basis 
to define the allele dictionary. All allele scores were marie 
without knowing the identities of the maUe genotypes. 



RESULTS 

Tabic 2 presents the probability of closest ancestry of 
the top five ranking inbred lines for each of 5 hybrid* 
at P » 0.50 (Table 2A) und P « (Tabic 2B) . Proba- 
bilities of ancestry are shown for all 54 hybrids and the 
top ranking inbreds in Figure 1: P ~ 0,50 (figure la) 
and P~ 0.99 (Figure? Ih). Results for the hybrids pre- 
sented in Table 2 are featured m the top of Figure 1. 
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Probability of ancestry of five hybrids using data obtained from 50, 100, And 195 SSR loci 
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Figurk I (;i ) Probabilities of ancestry, assuming P ~ 0.30, for all 54 hybrids and top ranking inbreds— those wiih probability 
of auccsiry vu U\wr i0"- ,w . <b) Probabilities of ancestry, assuming /> = 0-99. for all 5-i hybrid* and cop ranking inbreds— those 
with probubitUy ancestry at least 10" "'. 



Received from< 515 334 6883 > at 116103 4:37:16 PM [Eastern Standard Time] 



01/06/03 MON 17:01 FAX 515 334 6883 



PIONEER HI -BRED DSM 



81075 



Probability of Ancestry Usmj; SSR 



am 



b 

Hybrids 
3417 

3556 
3903 
3940 

31<53 
3169 
31AJ2 
3245 
31155 
32K61 
3332 
3343 
3348 
3352 
3373 
33G26 
33T90 
33Y18 
34JI 
3489 
3491 
3496 
34BJ5 
34G8I 
3514 
3313 
3540 
3547 
3559 
3563 
356$ 
35B26 
35R57 
3615 
36Y93 
3730 
3733 
3733 
3790 
3860 
3893 
38F70 
38P05 
38*32 
3902 
~3907~ 
3914 
39K38 
X»t5A 
XI 132R 
131$ 



O 

O A 

o 
•o 
-o 

d 

o 



o 

o 

o 
o 
o 
■o 
o 
o 
o 
o 
o 
-o 
o 
o 
o 
o 
o 
o 

o 
o 
-o 
o 

o 

o 
c 
o 

•OA 

■c 

-o 
-o 
-c 
■o 

o 

c 
c 

D 

a 
o 



A IT* 



□ A 



X 



A 
A 



X 

A A 



X 



A £ A 
A 



AM 
A 



C * 

X 



X A 
A A 



A 

A □ 



A AK 



X £ 



A A 



A JC 



X X 



-5 



-10 



-15 



-20 



1 <~ 

-25 



-30 



Probability of ancestry (Iog l0 ) 



Figure 1.— Continual. 



When the algorithm used P = 0.50. the txvo correct 
parents were identified as highest in probability for 48 
(89%) hybrids (Figure 1). For each of 6 hybrids (3893, 
98P05, 38RS2, *W>5, 5914, and X0913A). one parent 
ranked in the- top two places. The other parent was 
supplanted either by a sister inbred or by at* inbred that 



was a direct progeny tJ f ihac parent Overall, 102 {94%) 
of 108 parental inbreds were correctly identified, For 
hybrids where both parents ranked first or second, the 
range of probabilities for parental lines that ranked first 
from among all other inbreds ranged from 1.0(100 u> 
0.9997; parental lines ranking second ranged from 
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1 .0000 to 0.9.^ F„ r 35 hybrid., both parents had p m ,„ 
ab.l.t.es ul ancestry in excess of 0.999. Probabilities u r 
ancestry for nonparents that ranked in first or second 
places were Iron, 0.9909 to 0.7054. For the mujomv of 
hybnds. the probability of the third and highesi ranked 
nonpareil mbred was at or below E-06. Thl* indicates 

anceswrT " """"^ ""^ uncertaint >' aboul *w 

fori* l^t;^^^ 110 WCre COrTCCt] >- ide "' ifi « d 
for 32 of hybrids and for 98% (102/104) of the 

^xr^-T a " V* (FigUre 1) T «° »»*rid, (3914 
Md XWlaA), m which one parent was not ranked in 
the top two. were also in the subset not ranked in the 
top two assuming />= 0.50 (above). In both cases their 
ranks improved (both to third rank) and the actual 
parent was supplanted by an inbred that was a direc 
progeny of the corresponding parental line. For 49 hy- 

' r n Lr CntS Had P r °°aWW<* of ancestry in ex- 
cessof 0.999. Among the 5 hybrids having a parent 
ranking second with a probability oF ancestry below 
0^999, the lowest of these probabilities was 0.8976 and 
nlEE 1 P robabili[ y for ■ ranking nonpatent 
^ 0.1023. For most hybrid, the probability T the 

belot fij 0 high " 1 nmked " 0nparental * bred at or 

whlri'h ! data anal ^ s in ^"instances 

1 h^H ° Z - ^"t' 0 " ° CCUr in inbred "here 
a h bnd ,s scored for the presence of more than two 
a lie es per locxis. The presence of more than a single 
allele per locus ,n inbred lines is an infrequent occur- 
rence ,n well-mamtained inbred development and seed 
'""ease programs but is possible because ~*-5% of 
loc. can .till be segregating and unintended pollination 
genomes not designated as parents of'he hvbriS 
can occur. For hybrids, more than two alleles per iocus 
can be scored when DN'A is extracted from a bulk of 

■nd.vidual plants an d became inbred parent ar^c 

^mo^gotuWeither to residual heterozygosis or to 
conuminauon or because one or more direct p'arents 
of the hybrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line and 
more than two alleles per locus in a hybrid therefore 
can be accommodated by multiple runs of the also- 
nthm each xvith a random choice of two alleles per 
ocus. Consequently, standard errors in the case of ana- 
yaiag data from 195 loci tend to be verv small because 
tfere were few loci where an inbred or hvbrid sample 
{from a bulk of individual plant*) was scored for m ^ 
than two alleles. 

Marshals. (J99S) have drawn attention to errors 
thai can be encountered in genotvping survey. These 
error* include missing data, null alleles, and n • ^ 
ror S . V\ c therefore invested the robusme^ of the 

Zrf'^ ^"""'"f ***** of modifications in 
the data hir five hybrids (*417. 3525. 3556, 3% 5 Uld 



3.M0). F,rsi. wc reduce the number ofSSRs used, from 
tl e f« | .set of 195 a, ,«„ :llld th , n to 50 (TaW ^ 
of =0 loc, generated incorrect rankings of one parent 
for each of two hybrids (."417 a„cl SOU, and for both 
parents of one hybrid (*>03>. All of these mosV hight 
ranked nonparental inbreds were closelv related to the 

en t mb red Imes were involved. Four were direct progenv 

frL thl ParCntS ^ acklkional bacLroVs 
from the rue parent) and two were full sisters (from a 

thT h k W y - rClated inbreds > of ""al parent of 
*e hybnd. fsing 100 loci resulted in correc/parental 

D^eTt ran? f ° r 3903 "^neither 

^, ra ,t d ,n first « ««ond place. Four inbreds 
wer^l^ *« "-"e parents of 3905. All four nonparents 
were closely related to the respecdve true paren£ three 
vere d rect progeny of the true parent of the hybrid 
(one w,th additional backcro ssi ng to that parent) and 

all 195 loc. corrected the placement for one of the 
parents of hybrid 3905. Two inbreds that were not 

one of the true parents. Both were direct progenv of 
that parent, and one of these inhreds had additional 
backcrossing to that parent in its pedigree 

To address the consequences of laboratory and other 
TF' S a C 1 OT ' We artificia »y compromised data qual- 
1S° the level originally provided by eliminating 
specific proportions of alleles that had been scored (e£ 
tabhshmg scenarios where various numbers of SSR al- 

eSbluh, SCOrCd> and mi ' S5CDri ^ other a »eles 
(establishing scenarios where various number, of SSR 

alleles were scored incorrectly). We also combined the 

scenarios of rmssing data and wrongly scored data. Table 

3 contams a summary of the results of making these 

modifications in the data. For all modifications we used 

daut from all SSR loci and wc also randomly chose SSR 

l oc to create subsets of 50 a ncLLaQJoci^Ifi-^-c-ase- 

£5 xv?f am „^ fU " 20 dl,les for each "ybrid/set of 
go. When all 195 loci were examined, replications dif- 
fered only according to die particular choice of alleles 
for loci where more than mo alleles had been scored 
To evaluate robustness in the face of missing data or 
nnstyped data, we simulated individual and combined 
categories of these data in the hybrid and all inbred 
Imes at levek of 2, 5, 10, and 25% of the alleles for eS 
or five hybrids and all inbreds bevond the level of error 
TZ^fl SC °: ed b ' V Che ,aborato ^ ^ examined the 

Jill l« CVClS and ^ cs of error ^ree sUes 
of database: 50 loci, 100 loci, all 195 scored loci. 

IL^TTi -^-5^ COnsidw <' '» T ^lc 2 were invest 
hybnds (390a) was chosen because one of its parents 
Ad not rank among the top two places even when the 
romplete and unmodified data from .Ul SSR loci were 

used. 

Examples of robustness irl tht . f . )CC tl f additional error 
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